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I .—On a Simple Method of using an insignificant Fraction of the Main 
Current produced by a T)git a >n o - Electric Machine for Telegraph Pur¬ 
poses. — Mg Lours Soiiwundleb, M. Inst. C. E. &c. 

(Received 29th October ; read November otli, 1879.) 

The currents which a dynamo-electric machine is able to generate 
through a small external resistance, are so enormously strong and also so 
constant and exceedingly cheap, that I have always thought it would be 
of technical as well as of economical importance to use them for signalling 
purposes. The dilliculty only was how to solve the problem practically. 
Manifestly, the currents could not be produced through the telegraph lines, 
in the ordinary manner of applying dynamo-electric machines, for, in the 
first place, telegraph lines offer high resistance, and, in the second place, 
the use of the closed-circuit system would become imperative. However, 
some time ago a very simple method occurred to me which appears to con¬ 
tain the germs of practical success, and, having lately made some experi¬ 
ments on the subject, I do not hesitate to communicate the result. 

Suppose we have a dynamo-electric machine, the two terminals of 
which are connected by a resistance r through which any kind of useful 
work is to be performed by the current. 

For instance, during the night, r may consist of an electric arc, and the 
useful work done by the current is given out as light for the signalling 
office’; or during the day-time r may consist of another dynarno-eloctric 
machine which acts as an ordinary electromagnetic engine, performing 
1 • 
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some useful mechanical work,*. e. t pulling the punkhas, lifting messages, 
producing a draught of cool air, &c. ; or the current may be made to pass 
through a galvanoplastic apparatus in connection perhaps with the Survey¬ 
or General’s Ollice, &e. 

Now connecting the negative pole * of such a dynamo-electric ma¬ 
chine to earth, the positive pole to all the lines terminating in a telegraph 
office, while the two poles are permanently connected by the resistance r 
through which the current produces the useful work above-mentioned, then 
it will be clear, without demonstration, that all the lines so connected can 
be provided with signalling currents (which are exceedingly weak as com¬ 
pared with the strong main current) by simply tapping the main current, 
and that without perceptibly reducing it, i. e., without affecting the useful 
work performed by the main current through r. Supposing that the useful 
work performed by the main current repays all the expenses connected 
with the erection and wovking of the dynamo-electric machine, then 
obviously this would be a method which would supply the signalling currents 
for nothing. This might be an inducement for telegraph-administrations to 
introduce the electric light, since they would get the signalling purrents 
into the bargain, and the costly and cumbersome galvauic apparatus might 
be dispensed with. 

An example will show this more clearly. A Siemens dynamo-clectrio 
machine of medium size can easily he made to produce through an 
electric arc a current of .‘10,000 milli-oerstedts, of which not more than 
8 milli-oerstedts are required to work the Siemens’s polarized relay with 
engineering safety. Suppose that the sent current is made equal to 
twice the current which is required to arrive, wc have the following calcu¬ 
lation for Calcutta office :—11 long lines terminate at Calcutta, hence 14 x 
6 = 84 milli-oerstedts would (as a maximum) have to be tapped off from 
the main current of 30,000 milli-oerstedts. This represents a loss of only 
02S 0 / o ,—which is so small that not even the most sensitive eye would be 
able to detect any variation in the light. 

Hence in this ease wc would feed the Telegraph lines with currents 
which actually cost nothing, as the electric light alone would repay all 
expenses. 

During my recent light experiments in London, it was experimental¬ 
ly established that the current in milli-oerstedts which a dynamo-electrio 
machine is able to produce, can be expressed as follows :— 



* In India we use positive signalling currents. 
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E and k are two constants for any dynamo-electric machine. E is an 
electromotive force in volts; k is of such dimensions that v */ k repre¬ 
sents an electrical resistance; in is the internal resistance of the dynamo- 
electric mackino; r is the external resistance through which the useful 
work by the main current has to be performed. 

m and r are to be expressed in ohms. The resistance of the leading 
wires has been supposed nil. 

If we call li the resistance of a telegraph line, which we wish to feed 
from the main current, then the signalling current passing into that line 
when the main current is tapped woultl be 


C r 

It + r 


E 


1 — 



r + in 


a 


! 


• 1000 r 

x -- 

Jt ■+■ r 


and this current, in the ease of the Indian lines, should not be less than 6 
milli-oerstcdts. Hence we have the following equation :— 





- * (— V 

\r + in/ 

L — e 


r + in 


X 


1000 r 
Jt -f- r 


= 6 


from which r can be calculated, since E, ic, in, v and It are known. 

I need scarcely point out, that as it is invariably so large that r can 
be neglected in comparison with it; the current in one lino only depends on 
the resistance of that line, and not on the resistance of the other lines in con¬ 
nection with the dynamo-electric machine. Hence the signalling through 
one lino is not inlluenced by the signalling on other lines ; and in this re¬ 
spect the method is on a par with signalling through different lines by 
separate batteries. 

We will take a special case.—For a Siemens’s medium machine, making 
r = 3, we have a main current of about 17,710 milli-oerstcdts, and tho 
current passing into a line of 8000 resistance (800 miles of 5a wire) would 
be 66 milli-oerstcdts. Supposing that all the 14 lines at Calcutta office 
are to be supplied with 6’6 milli-ocrstedts each, the current carried off 
would bo 6*6 *< 14 = 92*4 milli-ocrstedts, or 0 5 % of the main current. 

It is best to mako all the lines equal in resistance by adding to the 
shorter lines some artilicial resistance. This measure would prevent a dead 
earth (occurring on one of the lines and close to Calcutta) from having any 
effect on the working of the other lines. In Europe, where the lines are 
much shorter, the signalling currents supplied by a given dynamo-electric 
machine, working through a given resistance r, could be much greater than 
6‘6 milli-oerstcdts. 
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For any given R (resistance of the line) the currents can be increased 
by selecting a dynamo-electric machine with the right internal resistance. 

The advantages of the method appeared to me sufficiently great to 
justify a practical trial :— 

Experiment, October 11, 1879. With a Siemens’s dynamo-electric 
machine (medium size) I produced a powerful electric light; and between 
the poles of the dynamo-electric machine I connected up four artificial 
lines, each of 10,000 units resistance, with relays ranging between 500 to 
1000 units. These four parallel circuits worked very well, singly and 
simultaneously. No variation of the electric light during telegraphing 
could be noticed, even when the lino resistance was reduced to 1000 units. 
Further, the resistance of one line was increased to 20,000, and the 
signalling currents were still sufficiently strong (LG milli-oerstodts). 

Experiment, October 14, 1879. Same as above ; but a branch current 
was conveyed by the store-yard line (from the store-yard where the dynamo- 
electric machine with its electric light was put up) to Calcutta signalling- 
office (4 miles), and one of the Agra lines (850 miles in length) worked by 
this current. 

The sent current, measured at Calcutta, was 9G milli-oerstedts; the 
received current, measured at Agra, TS5. The great loss was due to the 
exceedingly low insulation of the line near Calcutta. It is now the break¬ 
ing up of the monsoons, when the climate in lower Bengal represents almost 
a hot vapour bath. 

Several messages were sent to Agra, but no variation in the electric 
light could be observed. 


II .—On the Occurrence of the Mnslc-Dccr in Tibet. 

By R. Lydekker, B. A. 

(Received November 17th, 1879.) 

Some degvec of doubt seems, hitherto, to havo prevailedjimong natura¬ 
lists whether the Musk-Deer (Moschus) occurs on the Tibetan plateau, or 
whether it is confined to the wooded districts of the Alpine Himalaya. 
Thus iu a paper contributed by Mr. W. T. Blauford to the ‘ Proceedings 
of the Zoological Society of London,’* the author says that he has grave 
doubts whether the Musk-Deer occurs anywhere on the Tibetan plateau. In 
a paper published by myself in the Society’s Journal, f I mentioned that, 
from having seen skins in Ladalt, as well as from the fact of the Ladakis 

* 1867, p. 634. t 1877, Tt. II, pp. 287-8. 
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having a name for the animal, T was of opinion that the Musk-Deer must 
occur somewhere in Tibet, though I had at that time no positive proofs to 
offer. Lately, however, 1 have obtained such evidence as seems to leave 
no doubt that this animal should bo reckoned among the fauna of 
Tibet. 

Firstly, it will, I think, be generally admitted that the musk-pods of 
the Musk-Deer are an important article of export from Tibet to India.* 
Although this affords primd facie evidence that the Musk-Deer occurs in 
Tibet, yet it might be objected that this musk was first taken from China 
to Tibet, and thence exported through Nepal or Ladak to India ; I, there¬ 
fore, now proceed to bring forward the more direct proofs of the occur¬ 
rence of the animal in Tibet proper. 

The earliest evidence which I have to notice, is that of the great tra¬ 
veller Marco Polo.f That writer mentions the occurrence of the Musk- 
Deer at a piece which he calls Frgiul, which Colonel Yule locates to the 
north of Tibet, and south of the great Gobi desert, in latitude tl)°. From 
Marco Polo’s description, there can be no doubt of the identity of the ani¬ 
mal referred to with the Musk-Deer, though he commits the error of men¬ 
tioning a pair of lower as well as upper tusks. Again, the same traveller]; 
mentions the occurrence of, the same animal in eastern Tibet, probably 
somewhere near the longitude of Lhasa, and also that the Tibetans call 
the animal Gurcri. 


A later traveller, Mr. Bogle, the envoy of Warren Hastings, describos§ 
most circumstantially the hunting and capture of a Musk-Deer (or, ag he 
calls it, Musk-Goat) at Rinjaitzay, which is situated north of the Tssinpu 
river near Shigatze in Tibet. Mr. Bogle describes the animal as being 
hornless, coated with stiff hair, and with tusks depending from the upper 
jaw of tho male : he also mentions that the Tibetan Musk-Deer is of a 
lighter colouAhan tho Musk-Deer of Bhutan. This description leaves no 
possible doubt as to the animal referred to. 

General Cunningham || mentions that the Musk-Deer (known to the 
Ladakis as La) is found in Tibet as well as in Kashmir. 

During tljp past summer, I met in Lahul with a Tibetan who had 
formerly occupied a high official position at Lhasa, and who informed mo, 


* Markham, ‘Tibet.* Int. p. cxxii, p. 197. 
Hodgson ‘Trade of Nepal.* 

Cunningham. ‘ Ladak,* p. 242. 
f Yule’s ‘ Marco Polo,’ Yol. I, p. 267. 

J Yule, loc. cit., Vol. II, p. 37. 

$ Markham, loc. cit., p. 114. 

II .Loc. cit., p. 202. 
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that the Musk-Deer was of common occurrence on the Tsanpu river in the 
neighbourhood of Lhasa. 

Mr. W. H. Johnson, the Governor of Ladak, informs me that the 
Musk-Deer is found in the country below and to the cast of Lhasa, along 
the course of the Tsanpu river. The musk brought from this district, Mr. 
Johnson says, has wrongly acquired the name of Khoten musk ; this seems 
to have originated from the fact that when Khoten was a large Buddhist 
city, and important trading place, the musk was carried there from Lhasa, 
and thence to India. Mr. Johnson also observes that the Musk-Deer occurs 
only where the birch tree grows. 

The whole of this evidence taken together appears to me to afford 
abundant evidence as to the occurrence of a species of Mosclius in Tibet, 
though I have no means of knowing whether it bo the same as M. moschi- 
ferus . The Musk-Deer is of common occurrence in Bhutan, and it appears 
to me to be probable that it extends north of that district in most of the 
open countries up to Tibet, and thence across, or round, the Gobi desert into 
Siberia. 

The occurrence of the Musk-Deer far in on the Tibet plateau is a fact 
of considerable importance, as it is the only instance of any of the large 
mammals of the forest clad Alpine Himalaya extending its range into the 
dry and desert regions to the north. 

In my former paper, quoted above, I thought it probable that the 
Musk-Deer occurred in Ladak ; this, however, 1 now find is not the case ; 
I can find no evidence of the animal occurring anywhere in tho upper Indus 
valley. 


III.— Note on some Ladak Mammals. — By R. Ltdekkeh, B. A. 

Otter. —In his report on the Mammalia of the second Yarkand Mis¬ 
sion* (p. 32), Mr. W. T. Blanford mentions that the late Dr. Stoliczka, in 
his notes, referred to tho occurrence of a small species of otter (Lutra) 
in the Indus at Leh, but was unable to procure a specimen. 

During the past summer I purchased at Leh a flat skill of an otter, 
said to have been obtained from the Indus at Shushot, near Leh. This skin 
is of very dark colour superiorly, and the length of the body-part is about 30 
inches ; the tips of the hairs are paler. Unfortunately, neither tho skull 
nor the claws remain in my specimen, so that specific determination is quite 
impossible. The skin, however, seems to be very like that of the European 

* ‘ Scientific Results of the Second Yarkand Expedition,’ Mammalia, by W, T. 
Blanford. Calcutta, 1879. 
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otter (L. vulgaris), and the animal, therefore, may very possibly belong to 
the same species as a skin obtained by Major Biddulph in Gilgit (? from 
the Indus), and which Mr. Blanford, in the above-quoted note, thinks is 
very like L. vulgaris. 

I learn from Mr. Elias, the British Joint-Commissioner at Leh, that 
otters are said to be of common occurrence at the bridge which spans 
the Indus below Leh ; these otters live in the stone-work piers of the 
bridge. I may add that Mr. Elias has promised to endeavour to procure 
a specimen of the skin and skull of one of these animals. 

I)r. Stoliczka speaks of the Leh otter as being a small species; since, 
however, he never procured a specimen, and as my specimen is a large skin, 
it is probable that Stolie/.ka’s estimate of size was not pxaet. 

Marmots. —I cannot quite agree with Mr. Blanford* in calling the 
Red Marmot (Arc to mgs caudal us) the common marmot of Ladak, as it 
appears to me that the species is only found on the outskirts of that region, 
I have procured specimens of that species on the range between Kashmir and 
Tilel (Kishcngauga valley), on the pass between Tilel and Dias, and on both 
sides of the Zoji-La, separating the latter place from Kashmir. I have, 
however, never seen this species in the more interior parts of Ladak, 
where it appears to mo to be replaced by Arctomys himalayanus, or the 
Yellow Marmot, which appears to me to be entitled to be called the 
“ Ladak Marmot” par excellence. 1 have seen or procured specimens of tho 
latter species, from the mountains above Khalchi, on tho Indus; on tho 
pass separating the Markha river from the Gia river, to the south of Leh ; 
and, still further south, on Kiang-Chu Maidan, in liupsu; to the north 
of the Indus in Ladak, on the Chang and Kai passes, forming tho water¬ 
shed of the Indus and Sliyok rivers ; around the Pangong lake ; and in tho 
Chang-Chenmo valley. Arctomys caudatus seems to me to be confined to 
the country on the confines of the rainless districts, while A. himalayanus 
occurs only in the inner, and thoroughly Tibetan, districts. 

In tho Gold, the two species can be at once distinguished by their re¬ 
spective cries. Tho cry of the Red Marmot is a peculiar long screaming 
whistle of great shrillness : the Yellow Marmot on the other hand utters 
a short chirping bark. It is not easy to convey an idea of tho two sounds 
to tho reader, but when they have been once heard in tho field, they never 
can bo mistaken for one another. 

I should be much inclined to doubt the suggestion of Mr. Blanfordf that 
tho marmot said by Dr. Stoliezka to range up to a height of 17,COO feot 
in Ladak is A. caudatus ; it is much more likely to be A. himalayanus, which 
I have killed above 18,000 feet; the former I have never seen above 14,000 
feet (Dras and Tilel pass). . , 

* Loc. cit. p. 37. 


f Loc. cit. p. 39. 
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IV .—A Sketch of the History of the Fossil Vertebra to of India .— 

„ By K. Lyj)EKo:n, 11. A. 

(Received January Gth ; read February -lth, 1880.) 

As far as I am aware, there has not hitherto been written a complete 
history of the whole Fossil Vertebrate Fauna of India, as far as it is at present 
known to us, and I have, therefore, thought that it may interest many 
members of this Society, as well as others, to know something of the extent 
and affinities of this fauna, without the labour of wading through the 
various works in which its history is recorded. The history of the Fossil 
Vertebrata of India is, indeed, intimately connected with this ancient 
Society, since some of the earliest workers in this branch of enquiry were 
formerly among its members, and many of the results of their labours are 
to be found scattered through its earlier records. Pre-eminent among those 
workers will always stand out the names of JJaker, Durand, Cautley, Colvin, 
Falconer, Hislop, M’Clelland, and Spilsbury. And it must always be 
remembered, to their honour, that these workers in this most interesting 
department of paheontology were solely amateurs, and that in their time 
the study of vertebrate palaeontology in this country was encumbered 
with difficulties of which we, at the present day, can have no adequate 
conception. The labours of Mr. Ili.dop were mainly expended in searching 
the Gondwaua rocks of the Central Provinces, from which he obtained 
many interesting remains of reptiles, batrachians, and fishes; Col. Sykes’ 
collections were chiefly made among the fossil fishes of the Deccan ; while 
the field of labour of the other workers lay mostly among the mammali- 
ferous beds of Northern India, and the Narbada (Nerbudda)' valley. 

I very much regret to say that since these illustrious workers, no 
amateurs in India seem to have entered upon this interesting field of 
research, and during the five years which I have been upon the staff of the 
Geological Survey of India, we have not, 1 believe, received, in the Indian 
Museum, a single fragment of a fossil vertebrate from a non-professional 
worker. It is partly in the hope that this paper may reach the eye of 
amateurs interested in natural science, and especially of those who lead a 
wandering life in India, and induce them to endeavour to collect specimens 
of vertebrate fossils for the Indian Museum, that it has been penned. 

Apart from members of the Geological Survey of India, to whom I shall 
refer presently, there are other workers who, though not members of 
this Society, have contributed largely to the history of the extinct • verte- 
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brate life of India. Noticeable among these arc the names of Buckland, 
Crawfurd, and Clift. Crawfurd, on his return from his mission to the court 
of Ava in 1820, brought back some Tertiary mammalian remains from the 
valley of the Irawadi, which were among the first obtained in Asia by 
Europeans,and which were subsequently described by the late Mr. Clift |pa the 
‘ Transactions .of the Geological Society of London.’* In the same volume 
of the ‘ Transactions,* a memoir was also published by the late Dr. Buckland 
on the Ava bones. Another memoir also appeared in the same volume by 
Mr. Pentland, on certain mammalian remains from the Siwaliks of Sylhet^ 
collected by Sir T. Colebrooko. As you are doubtless aware, the fossil 
vertebrate fauna of the Siwaliks and the newer Narbadas, were subsequently 
fully illustrated, and in part described, by our former*illustrious associates, 
Falconer and Cautley, the results of whose labours are abundantly dispersed 
through our Society’s publications, and displayed in that now classic work 
the ‘ Fauna Antiqua Sivalensis.* 

Dr. Charles Murchison, the editor of the * Palaeontological Memoirs’ 
of Dr. Falconer, has rendered one of the mo3t important services to the 
cause of Vertebrate pabeontology in this country, by collecting and publish¬ 
ing the scattered notes and memoirs of that distinguished paleontologist. 
Professors Owen and Huxley have contributed largely to our knowledge 
of the fossil llcptilia and Batraehia of India; while the fossil fish have 
been enriched cither by the discoveries or the writings of Messrs. Egcrton, 
Miall, Sykes, and Walker. 

A valuable memoir on the extinct Siwalik genus Sivatherimi was 
contributed to the ‘ Geological Magazine’ by Dr. Murie ; another on Bra- 
motherium, by Mr. Bettington and Professor Owen, to the ‘ Journal of the 
Itoyal Asiatic Society.’ A few Siwalik fossils collected by the Messrs. 
Schlagintwoit«wero described in the German ‘ Palieontographica’ by the 
late H. von Moyer. The late Dr. J. E. Gray also determined a few of 
the Indian fossil reptiles. Professor A. Milnc-Edwards determined some 
Siwalik bird-bones. Some mammal-bones from the Tibet Tertiarics were 
. determined by Mr. Waterhouse. 

Among tlfe later contributors to our knowledge of the fossil vorte- 
brata of India must be mentioned Professor Rutimeyer, who has afforded 
valuable information on tho Siwalik ruminants in the British Museum; 
and Mr. P. N. Bose, who has described some of tlic fossil Siwalik Carnivora 
in the same collection. Mr. Davies, of tho British Museum, has also 
contributed to tho ‘ Geological Magazine’ a valuable paper on Siwalik 
birds. Professor Leith Adams lias published some notes on Flephas nama- 
dicus in the Palajontographical Society’s publications. 

Tho above names arc only the chief among the workers in Indian 


* Bcr. 2, Vol. II. 
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vertebrate pabuontology who are unconnected with the Geological Survey 
of India. Of the former or present officers of that department, 

I must mention, among discoverers, the names of Messrs. W. T. and 
H. F. Blanford, Feddcn, Foote, Hacket, Hughes, Medlicott, Theobald, 
Tween, and Wynne, and, among writers, Messrs. W. T. and H. F. Blanford, 
Foote, Oldham, Stoliczka, Theobald, Waagcn, and, lastly, myself. 

Minor contributions, in the way both of specimons and papers, have 
been made by other gentlemen, all of whose names it would be both tedi¬ 
ous and difficult to bring together, but for whose exertions tho workers 
in this branch of enquiry have, none the less, good cause to be grateful. 
Among these names I may mention, Bell, Dr. (Tdithyolite from Kach); 
Blyth, JO. (Siwalik .Mammals) ; Burney, Col. (Ava Vertebrates) ; Burt, 
Lieut. (Jamna Bones) ; Cantor, T. (Siwalik fish-skull); Carter, Dr. ; 
Colebrooke, Sir T. (Tibet Tertiary Mammals) ; Dawe, W. (Tertiary Verte¬ 
brates) ; Dean, 10. (Jamna Mammals) ; Everest, Rev. R. (Siwalik Verte¬ 
brates); Felix, Major, (Narbada Mammals) ; Foley, Capo. (Dio Jon from 
Ramri Island) ; Frazer, Capt. (Narbada Mammals) ; Fulljames, Capt. 
(Peri m Mammals) ; Godvvin-Austen, Col. (Siwalik Mammals); Go wan, 
Major (Archcgomurm from Bijori); Ilugel, Baron (Perim Fossils) ; Ewer, 
W. (Siwalik Vertebrates); Lush, Dr. (Perim Vertebrates); Ousely, Col. 
(Narbada Mammals); Pepper, Miss (Perim M annuals) ; Phayre, Sir A. 
(Ava Mammals) ; Prinsep, J. (Tertiary Mammals) ; Rivett-Carnac, If. 
(Archerf 080 urns from Bijori) ; lioyle, (Siwalik Mammals) ; Sim, Lieut. 
(Arcficf/omu>'im from Bijori); Smith, Capt. E. (Jamna Mammals); Stra- 
cbey, Genl. (Tibet Tertiary Mammals); Trail, Dr. (Tibet Tertiary Mam¬ 
mals) ; and Yerchere, Dr. (Siwalik Mammals). 

The extinct vertebrate fauna of India, with the noticeable exception 
of the mammalian upper Tertiary fauna, is generally remarkable for its 
extreme poverty ; a poverty which may be duo in some eases to the want 
of adequate research, and in others to the small number of fossils preserved 
in the different strata. Only hero and there, in the great Gondwana 
series of India—which, as far as regards its higher and fossiliforous part, , 
in serial position, in mineralogical composition, and in ‘its fresh-water 
character, seems to correspond very closely with the Trias-Jura of the 
Connecticut valley in America,—do we find fossils locally abundant, as tho 
reptiles of the Panchot group, and the fish and reptiles of tho Kota- 
Maleri and neighbouring groups. With the exception of a few Cretaceous 
reptiles, the fossils from the above-mentioned groups, which are really very 
few. are the only representatives of the Pro-Tertiary land and fresh-water 
vertebrate fauna of which we have any traces in India. 

In place of the numerous and gigantic dinosaurs of the secondary lands 
of Europe and America, we have in India only here ^and there a few bones. 
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indicating the former existence of a small number of species; while of 
the more specialized and bird-like dinosaurs of those countries, we have as 
yet no traco in India; neither of the toothed birds, which present so 
remarkable a feature in the secondary epoch of America, are there any 
vestiges in India. The numerous species of the volant and toothed 
pterodactyls of Europe, and of their toothless representatives in America, 
are also totally unknown from Indian strata. 

Of the gigantic estuarine or marine saurians, so characteristic of the 
secondaries of Europe and America, Indian strata have hitherto only yielded 
a few remains of a single Ichthyosaurus and Plesiosaurus. Of the lower 
batrachians, only a few species are known from the (probably) Triassic 
rocks of India, and the groat number of species so«characterislie of the 
.Carboniferous and Trias of Europe arc almost totally unrepresented in this 
country. The marine lisli fauna is likewise remarkable for its general 
poverty.'* 

It must, however, be observed that many of the vertebrates which do 
occur arc only known by a single skull, or a tooth, or a few bones or 
scutes, u«d it, therefore, seems probable that many other species must have 
left similarly scattered remains through the strata of India,, which from 
their extremely loeal distribution have hitherto escaped detection. 

No distinctly recognizable traces of mammals have been as yet de¬ 
tected in India below the Nummulitic rocks, and in the latter only by a 
few generically undeterminable bones; indeed, we meet with no well- 
developed mammalian fauna till the period of the Upper Miocene and 
Lower Pliocene, when we suddenly come upon the evidence of the former 
existence of a vast and varied fauna which is, probably as numerically 
abundant in its species and genera as any known fossil fauna in the world. 
Previous to ^he Tertiary, the whole history of mammalian life in India 
is a complete blank. The bird-fauna of India, with a few exceptions, is 
almost totally unknown previously to the present epoch. 

The above remarks have an important negative bearing on evolution. 
We know that the greater part of the peninsula of India has existed as land 
for an incalculable period of geological time,—at all events from the Triassic 
epoch, and we further know that in other regions mammals have existed on 
the globe since the Triassic, and birds since the Jurassic, period. As regards 
the above two groups of vertebrates, India throws not a single ray of light 
on their origin. We have not a trace of any one of the curious generalized 
forms of the Eocene mammals of North America in the strata of India 
and yet we cannot think that ancient India was almost without mam¬ 
malian life till the upper Miocene. It is indeed probable that the lost 

* Marine rocks are absent over most parts of peninsular India, though present in 
force in Trichinopoli, Sind, and the Himalaya. 
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mammals of Secondary and early Tertiary India may have filled many a 
puzzling gap in the animal series. 

It is the same with the reptiles, which were doubtless the dominant forms 
during the epoch of the Trias-Jura, and which have only hero and there 
left a trace of their former existence in this country. Why may not many 
forms of those half-birds, half-reptiles have inhabited Secondary India of whose 
existence we have ample proofs in other countries; and why may not many of 
such Indian forms have still more closely bridged the gap which even yet exists 
between birds and reptiles ? Great and numerous as jfre the advancements 
in uniting the scattered links of the broken chain of vertebrate evolution, 
it must ever be borne in mind that, while we have evidence of a large Secon¬ 
dary land-surface likp India, which has hitherto yielded scarcely any links 
to this wondrous chain, we must never despair if we find that other coun¬ 
tries are still of themselves unable to make the chain extend across all the 
gaps, owing to the want of a few links. Who shall say that such missing 
links never inhabited Secondary India, whero their remains either still lie 
buried, or have been for over lost beyond recovery ? I, indeed, imagine that 
early India must have teemed with reptiles, and perhaps with higher forms 
of life, for it is inconceivable that this country was once mainly a mere 
forest of plants, of the existence of which we have such ample evidence in the 
Trias-Jura, unenlivened, except in one or two small spots, by vertebrate life. 

I now proceed to sketch what is known of the fossil vertebrates of 
India, commencing with the lowest class, and tracing it through the various 
formations from the lowest in which it occurs to the highest ; and similarly 
with the higher classes. I must premise that very many of the Indian 
fossil vertebrates are only known by extremely scanty remains, and that 
their affinities arc consequently obscure. Of others, again, only very slight 
preliminary descriptions, without figures, have yet been published, and con¬ 
sequently foreign palaeontologists have not yet had the opportunity of 
comparing them with other species, by which their affinities might bo 
more fully illustrated. 

Fossil Fishes. 

* »1 

Carboniferous .—The earliest fishes of which wo have at presont any 
record in India are only known by some few teeth and fin-spines, collected by 
Dr. Waagen and Mr. Wynne of the Geological Survey, in the Salt-Rango of 
the Punjab, and described by the former writer in the ‘ Palaeontologia Indi- 
ca.’ # Theso fish remains were obtained from strata termed by Dr. Waagen 
the “ Productus-Limestone,” corresponding in the main to the Carbonife¬ 
rous. Sigmodus dubius is a fish belonging to a new genus founded upon 
a single tooth ; this tooth is of an elongated conical form, and much resem- 
* Scr. XIII, parts 1 and 2, 1879-80 ; the latter part in tho press. 
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bles the teeth of some saurians; it is referred by Dr. Waagen to the 
ganoids. Another tooth, referred provisionally by Dr. Waagen to the genus 
Poecilodus, under the name of P. paradoxus, is of the flattened cestraciont 
type. Psephodus indie us is a species formed upon the evidence of another 
tooth. Both these genera belong to the Cochliodontidce, which Dr. Waagen 
classes among the Dipnoi, though they are more generally referred to the 
Elasinobrancliii. Of the undoubted Elasmobranchii (Selaehii), Dr. Waagen 
describes four species, belonging to three genera, from teeth, and four 
species, belonging to two genera, from fin-spines (iehtliyodorulitcs). Of 
the teeth, two are referred to a genus (Ilelodopsis) allied to HModus, 
under the names of II. elongate and H. abbreoiata. A fragment of a 
tooth is referred, without specific determination, to the European genus 
Psammodus, characteristic of the Carboniferous. A fourth tooth is refer¬ 
red to the European genus Petalorhyncus, with the specific name of P. 
indices : it is extremely doubtful whether Petalorhynchus is really distinct 
from Petalodus % of the Carboniferous. Of the spines, or “ iehthyodoru- 
lites,” three specimens are referred to the American Cai*bonifcrous genus 
Xystraqinthus, under the names of X. gracilis and X. major and X. gigan - 
tens. If I rightly understand Dr. Waagcn’s notes, he thinks it possible 
that these spines may belong to Ilelodopsis. A third spine is referred 
to a new genus under the name of Thuumatacanthus blanfordi. 

As far as the evidence of those fishes goes, we find that the costraciont- 
toothed sharks were the dominant forms in the Indian, as well as in the 
European and American Carboniferous. • 

Trias-Jura .—In the upper part of the great Gondwana system of In¬ 
dia, which, as I have said, probably corresponds as a whole to the Trias- 
Jura of other countries, remains of fishes have been found in some abun¬ 
dance, all of which, as far as determined, are of fresh-water types, and belong 
to the Ganoidei and Dipnoi, no traces of the more modern Teloostei having 
yet been found in these rocks. The earliest groups of rocks in the 
Gondwana system in which fish remains have been detected are the Mangli 
and Sripormatlir groups; but 'these remains have not yet been even genori- 
cally identififd. In the Kota-Maleri* group there occur nine species 
of Ganoids and three of Dipnoi; the former from the Kota beds have been 
described under the genera Dapedius , Lepidoius, and Tctragonolepis by Messrs. 
Egerton and Sykes ;f many of them show Liassic affinities: the three genera 

* Mr. King has lately shown a distinction between the Kota and Malori beds; 
confirming the original distinction as to tho Liassic affinities of the fossils of tho former, 
and the Rhaoto-triassic of those of tho latter. 

t Quar. .Tour. Geol. fcJoc. of London, Vols. VII, IX, X. Palroontologia Indica, 
Sor. IV, part 2. 
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have a united range in Europe from the Lias to the Eocene: Lepidotus is very 
characteristic of the Wealden of England. Of the Maleri Dipnoi, teeth of four 
species of the living Queensland genus Ceratodus were named by tho late 
Dr. Oldham, three of which have lately been figured by Professor Miall,* 
who does not admit the fourth species, G. oblonyus. 

Cretaceous. —A few fish-remains have been obtained from the Lameta 
rocks (of middle Cretaceous age),but arc not yet determined. The next group 
of rocks in which fish-remains have been obtained are the upper and middle 
Cretaceous rocks of Trichinopoli; these remains have been described by tho 
late Dr. Stoliczkaf and Sir Philip Egerton. J They comprehend seventeen 
species of elas.nobranchs, ranged under the genera Corax, Enchodus, Lamm, 
Odontaspis, Otodus, Gxyrhina, Ptychodus, and Sphoerodus , and one ganoid 
doubtfully referred to Ey cnodus. No Teleostei have been described, which is 
very probably owing to the less facility with which their remains are pre¬ 
served ; it being almost certain that they must have been represented in the 
Indian Cretaceous seas. The above-named genera arc mainly characteristic of 
the Cretaceous rocks of Europe : two species arc common to Europe and 
India. Bones, apparently of fishes, have been lately obtained by Mr. Gries- 
bach from the Trias of Tibet. Mr. Griesbach tells me that these bones 
are not uncommon in the Trias limestone, but that he has not yet been 
able to extract any specimens in a determinable condition. 

Eocene. —From the probably Nummulitic rocks of Port Blair, in the 
Andamans, and liamri Island, off the Arakau coast, there have been obtain¬ 
ed tli6 oral teeth of a large species of Diodon, which I have lately provi¬ 
sionally called Diodon foleyi, after Captain Foley, the discoverer of tho 
liamri Island specimen.§ The living Diodon hystrix is now abundant olf 
the coasts of the Andamans and Arakau, where tho genus has doubtless 
lived since tho Eocene. From Nummulitic rocks in the neighbourhood of 
Thyatmyo, cycloid fish-scales have been obtained,|| but arc not gcnerically 
deteimined. 

From the Nutnmulitics of the Punjab, some fish-scales and the dental 
plate of a species of ray (Myliohntis) have been obtained by Mr. Wynne.^f 
From strata immediately overlying the Nummulitics of Kohat, Mr. Wynne 
has obtained the incisor of a sparoid fish belonging to the genus Capitodus , 
which has been recently described by myself as C. indicus ;** the genus 

* Palaeontologia Indica, Ser. IV, part 2. 

t Ibid., Cretaceous Fauna of 8. India, Vol, IV. 

X Guar. Jour. Geol. Soc. Lon. Vol. VII. 

§ It. G. S. I. Vol. XIII, part I. 

|| Manual of Geology of India, p. 716. 

H It. G. 8. I. Vol. X, p. 43. 

** Ibid. Vol, XIII, part I. 
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Capitodus was previously only known from the Miocene of Vienna and 
Silesia, and is allied to the living genus Sargus. 

Mio-Flioeene. —From the Sivvalik rocks there were, I believe, a consi¬ 
derable number of lish-rcmains procured by Falconer and Cautlcy, but these 
were never described: the collection of fossil fish-remains from the Siwaliks 
in the Indian Museum is but small. Among the Teleostei, we have the 
siluroids represented by a very perfect skull, originally described in the 
Society’s Journal* by Dr. Cantor as the skull of a huge frog: subsequent¬ 
ly this skull was referred by M’Clellandt to the siluroid fishes. The lat¬ 
ter writer describes the skull as being remarkable for its great breadth, and 
as carrying teeth on the jaws, but not on the palate: M’Olelland also 
thought that the skull might belong to a species of Pimelodus : this deter¬ 
mination is, 1 think, certainly erroneous, because the latter genus, with one 
African exception, is entirely West Indian, and it is unlikely that a fresh-water 
genus of fishes should be found in the Pliocene of India, and now only in Africa 
and the West Indies. Many of the living Indian siluroids ( Glarius , Hetero- 
branchus, Silurus , Silurichthyn) have palatal teeth, and the fossil cannot, 
therefore, belong to any of those genera. Tho Indian genus Chaca, on the 
other hand, is characterized, according to Dr. Gunther,$ by its exceedingly 
broad and depressed head, and absence of palatal teeth, and I think, therefore, 
it is not improbable that the fossil may belong to that genus, though, in tho 
absence of specimens for comparison, I cannot be sure. Detached vertebrae, 
from the Siwaliks, also indicate the existence of telcostean and, probably, 
fresh water fishes, but of what group is uncertain. Of the Elasmobranchii, 
a few teeth indicate tho former existence of a Siwalik Lanina, which proba¬ 
bly inhabited the larger rivers : a single tooth from tho mammaliferous beds 
of tho Ira svadi belongs to a species of Carchariax, and large squaline vertebrae 
have been obtained from Perim Island. From the Siwaliks of Sind and 
the Punjab, we have some crushing palatal teeth of an undescribed fish, 
which I have lately sent home for determination. 

Scales of teleostean fishes have been obtained by Col. Godwin-Austen 
from tho Tertiaries or post-Tertiaries of Kashmir; they are not, however, 
determined. • 

The above notes indicate the extreme poverty of the fossil fish-fauna 
of India—a poverty, I think, in great part due to the want of sufficient 
search. 


* Vol. VI, p. 583. 

f Calc. Jour. Nat. Hist. Vol. IV, p. 83. 

J Brit. Mus. Cat. of Fishos, Vol. V, p. 29. 
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Fossil Batraciiians. 

Trins-Jurn. —We now como to the history of the fossil Batrachia 
(Amphibia), where we shall find an equal poverty of species and genera; such 
as are known being merely, in all probability, a few relics left from a large 
fauna. The oldest Indian batrachians, like their European and American 
contemporaries, belong to the labyrinthodont order, characterized by the 
peculiarly infolded structure of their teeth. The oldest form of the order 
in India is only known from an undescribed skeleton obtained from a group 
of the Gondwiina system at Bijori, hence named by Mr. Medlicott the 
Bijori group.* This skull was originally exhibited before our Society in 
1864, and commented upon by Mr. H. F. Blanford, who thought that it 
should be referred cither to Archcgosaitrus or Labyrinthodon, + adducing some 
evidence to shew that it belonged to the former genus. Subsequently, the 
specimen was alluded to as a true Archtigosanrus by the late Dr. Oldham, J 
and still later by Mr. Medlicott.§ T cannot discover what has become of 
this most interesting fossil, which is certainly not in the collection of the 
Indian Museum, where it is only represented by a cast. Judging from this 
cast, I think it not improbable that the specimen really docs belong to 
Archcgosaurm : it much resembles a skull of that genus from the European 
Carboniferous figured by H. von Meyer. || The European species being from 
the Carboniferous rocks does not at all preclude the Indian species from being 
of Triassic ago, since there is considerable difference in the range in time of 
the Pro-Tertiary land faunas and floras of the two countries; genera having 
very frequently survived to a later period in India than in Europe. 

From the Panchct group of the Gondwanas, we have two labyrintho- 
donts, to which the generic names Bachygonia and Qonioglyptus have 
been applied by Professor Huxley these genera are only known by frag¬ 
mentary skulls and jaws; they were slendcr-jawed forms and allied to the 
labyrintliodonts of the Keuper. They are classed by Professor Miall in 
the group Euglypta with Magtodonsnurus and Capitosaurus. The fossils on 
which the two above-named Indian genera were founded are in the collection 
of the Indian Museum. From the nearly contemporaneous Mafigli group, we 
have another labyrinthodont, Brachyops laticeps of Owen, also belonging 
to a genus otherwise unknown, and allied to European Jurassic, and African 

* M. G. S. I. Vol. X, p. 159, (art. II, 27.) 
f J. A. S. B., Yol. XXXIII, p. 337. 
x It. G. 8. I. Vol. IV, p. 70. 

§ Loc. cit. 

|| Palreonlographica, Vol. VI, pi. XI, fig. 5. 
f Pal. Xml, Scr. IV. part 1. 
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and Australian (probably) Triassic forms. The skull on whirl) the genus is 
founded was described by Professor Owen.* The European Jurassic genus 
to which it is allied is lthinosaurm, the African (Triassic ?), Alieropholis, 
and the Australian, Bothriceps; the genus seems to me to bo also closely 
allied to Tudiltmns rad kit ns of the American Carboniferous, lira chy ops 
belongs to the short-jawed group of labyrinthodonts; and, with the lirst 
three above-mentioned genera, constitutes the group “ Brachyopina” of 
Professor Miall. The skull of Brnehyops is, 1 believe, in the collection of 
the Ceological Society of London : it is represented by a plaster cast in the 
Indian Museum. 


Tertiary .—From the Trias to the Tertiary is a long leap, but hitherto 
no batrnchian remains have been found in India between these two forma¬ 
tions. In the lower Tertiuries of the island of Bombay, there occur a large 
number of the remains of frogs belonging, apparently, to two species. The 
smaller of those two species was first described by Professor Owenf under 
the name of Emm pits ilia; subsequently, however. Dr. Stolicjska,J from 
the absence of vomerine teeth and from the structure of the limbs, referred 
the species to the genus O.ryylosxns , at the present time living in China and 
Siam, and, possibly, in lndia. A larger frog from the same bods, noticed by 
Professor Owen in the same paper, has not yet been generioally determined. 
I believe that these Bombay frogs are the oldest representatives of the 
group. 

Fossil Reptiles. 


Trias-Jura .—The oldest members of the class ltcptilia hitherto found 
in India belong to the orders Dinosauria and Dieynodontia (Anomodontia), 
and occur in the presumably Triassic rocks of Pancbot near R/miganj, in 
the horizon known as the “ Panchet group ” The Dicynodon was origin¬ 
ally described by Professor Huxley § under the name of D. orientals ; 
additional remains have subsequently been described by myself,|| which 
show that this species belonged to the sub-genus E/yc/ioynatlius of Profes¬ 
sor Owen. Other remains noticed in the latter memoir, seem to indicate 
the former existence of a second and larger species of Dicynodon. This 
group of rejJtiles seems, on the whole, to be characteristic of the Trias of 
India, Russia, and Africa. The dinosaur has been named Ankistrodon 
indicus by Professor Iluxley,f| and is the only known representative of the 


* U. J. CL S. L. Vol. XI, p. 37. 
f Ibid. Vul. V, p. 173. 
x M. (b S. I. Vol. VI, 1 ). 387. 

§ Pul. lad. Sor. IV, Vol. I, pail I. 
|| Ibid, part 3. 

H Loc. cit. 
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genus. The teeth of AnTcistrodon , of which only two are known, have 
laterally compressed crowns, with serrated edges, like those of the dino- 
saurian Meyalosaurus and the mammalian Machcerodus, and are implanted 
in distinct sockets. The genus is allied to the Jurassic and Cretaceous 
Meyalosaurus, and to various Triassic genera. 

From the Denwa group of the Gondwana system, a large crocodilian 
sente has been obtained by Mr. Hughes,* * * § which seems to belong to Pro¬ 
fessor Huxley’s undcscribed genus Parasuchus. 

From the neighbouring Kota-Maleri group, we have the crocodilian 
Parasuchus and the laccrtian Hyp erodepedon. The genus Parasuchus 
has never been described, but only incidentally alluded to by Professor 
Huxleyf ; it was formed for the Kcta-Maleri bones : it seems to have been 
closely' allied to the Triassic Belodon and Stagonolepis. On labels attach¬ 
ed to the bones of Parasuchus, now in the Indian Museum, there occurs 
the specific name of hislopii, in Professor Huxley’s handwriting, llypero- 
dapcdonX is closely allied to the living genus Hatteria (Sphcnodon), represen¬ 
ted by two species in the New Zealand Islands, and, according to Professor 
Huxley, to the Triassic lihynchosaurus, though this is doubted by Professor 
Owen. 

From the undoubtedly Jurassic rocks of Kaeh (Cachh), there has been 
obtained (Chari group) a vertebra which I think very probably belongs to 
Parasuchus , though 1 cannot be certain ;§ and (Uinia group) a fragment 
of a lower jaw of a Plesiosaurus, which I have named P. indie us : || the 
specific affinities of the latter cannot be fully determined from tho 
fragment. 

Cretaceous. —From the Cretaceous rocks of India, we have, among the 
JDinosauria, a species of Meyalosaurus, certainly from the Trichinopoli, 
and probably from the Lam eta rocks (middle Cretaceous) j^f^this genus is 
only known in India by detached teeth ; in Europe, it ranges from the 
Jurassic to the lower Cretaceous (Wealdcn). From the Lameta rocks, there 
have also been obtained the remains of another gigantic genus of dinosaur, 
allied to the Wealdcn Pclurosaurus and the Jurassic Cetiosaurus, which I 
have named, from the great size of the bones, Titanosnurus ;** from the evi¬ 
dence of the vertebra), there appear to have been two species, T. indicus and T. 


* Pal. Tnd. Scr. IV. part 3. 

+ Q. J. 0. S. L. Vol. XXVI, p. 4U, XXXI, p. 127. 

% Ibid. XXV, p. 151. 

§ R. G. S. I. Vol. X, p. 35. 

|| Pal. Ind. Scr. IV, pint 3. 

Ibid. 

** Ibid. 
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blanfordi. Titanosaurus was a gigantic and, probably, land reptile, but vho- 
thcr bipedal or quadrupedal is not known. Remains of another, but much 
smaller, reptile have been also obtained by Mr. Hughes from the Lameta 
rocks ; the remains arc, however, not sullieient for generic determination, 
but I think it not impossible that they may have belonged to a dinosaur. 

Of the Cretaceous Crocodilia, we only know of ono species by some 
amphicoelian vertebra and scutes obtained by Mr. W. T. Blanford from 
the upper Cretaceous rocks of Sind * As far as I can judge, from these 
imperfect remains, they appear to indicate an animal allied to Sitchosaurus 
of the Woalden of England. 

The Chelonia are only known to have existed in India during the Cre¬ 
taceous period by the evidence of some broken plates, in the collection of tho 
Indian Museum, obtained from the Lameta group, from the intra-Trappcans 
of Rajamahcndri (Rajamundry), and from the upper Cretaceous rocks of 
Sind. These remains are in far too imperfect condition for even generic 
•determination. • 

A large species of Ichthyosaurus, which I have called I. indicus, f is 
known solely by a few vertebra; collected by Mr. Foote in the middle 
Cretaceous rocks of Trichinopoli. Ichthyosaurus , in England, ranges from 
the Lias to the Chalk. 

Eocene. —The only spcciiically known Eocene Indian reptile with which 
I am acquainted, has been referred by the late Dr. GrayJ to the genus 
Hydraspis belonging to tho family Emydidsc. The specimen on which tho 
determination rests is a carapace, from the intra-Trappcan rooks of Bombay, 
originally named by Mr. Carter Tesludo leilhii. The genus llydraspis is 
now found living exclusively in Tropical America. From the Nummulitics 
of the Punjab, remains of Crocodilia have been obtained by Messrs. Theo¬ 
bald and Wjrnne, of the Geological Survey, but are not gouerically deter¬ 
mined. 

Mio-Pliocenc and Pleistocene. —From the Mio-Plioceno Siwaliks and 
from the Pleistocene Narbadas, a considerable number of reptilian remains 
have been obtained, but, in many cases, have not yet been described. 
Remains of CA>codilia have been obtained in considerable numbers from 
the Sub-Himalayan Siwaliks and from the corresponding rocks of Burma, 
Perim Island, and Sind; and many of them have been named by Falconer. 
Of the genus Crocodilus, a Siwalik species has been identified with the 
living O. palustris (bomhifrons , Gray).§ Remains of a crocodilian have 

• Pal. Ind. Ser. IV. part 3. 

f Ibid. 

J Ann. Mag. Nat. Hist. Scr. IV, Vol. VITT, p. 339. 

{ Cat. Foss. Vert. A. S. I). p. 200. The cranium there named C. paheindicus seems 
to belong to C. palustris. 
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also been obtained from the Ira wadi and the Narbada, but their speci¬ 
fic determination is difficult. Of the genus Glutriulis ( Le.ptorhyncltus), 
one Siwalik species has been identified with the living G. gangeticus; a 
ghavial from the Manchhars of Sind also belongs to this species. Ano¬ 
ther long-jawed Siwalik crocodile with slender teeth has been named 
Ghitrinlis leptodm; and another with much shorter jaws and teeth, G. 
era&*idens; the latter has been obtained from the Siwaliks and from 
Sind. 

Of the order Laccrtilia, only one Siwalik representative is known, be¬ 
longing to the genus Varanus, and named by Falconer V. sivalensis.* 
This determination was made on the evidence of a distal extremity of the 
humerus, now in tfip British Museum. 

The Ophidia are only known by some vertebrie, much like those of the 
genus Python, obtained from the Siwaliks of the Punjab and Sind : these 
vertebra) have not yet been generically determined. 

The Chelonia are known by a considerable number of ••Siwalik, and two 
Narbada, species. Of the land tortoises, we have, firstly, the gigantic extinct 
species, Colossochelys atlas of Falconer and Cautley, from the Siwaliks?and the 
lrawadi. Falconer says that the fossil species is mainly distinguished from 
the living genus Testudo by the thickening of the anterior (episternal) por¬ 
tion of the plastron ; this character was considered to be only of subgeneric 
value, and I think the species might well be named Teslndo atlas. The length 
of the carapace, according to Falconer’s restoration, is 12 feet 3 inches, 
and &f the entire animal, with the head and tail extended, 22 feet. 
In addition to Colossochelys, there is good evidence of the former existence 
of other gigantic tortoises in the Siwalik period. In the Indian Museum, 
there are several specimens of the ankylosed episternals of tortoises belong* 
ing to two distinct species. These bones are as thick, but not,so elongated; 
as the episternals of Colossochelys ; they have diverging but shorter extre¬ 
mities than in the latter genus. The animals to which these bones belonged 
must have been, I think, two-thirds as large as Colossochelys, and may not 
improbably have belonged to Testudo. A broken episternal indicates a 
third, but smaller species. A fourth species is indicated by three episternals, 
which are not bifurcated at their free extremities: these bones indicate 
a smaller animal The episternal bones, from their solidity, seem more 
frequently preserved than any others. A single carapace of a small 
tortoise in the Indian Museum, from the Siwaliks, seems to belong 
to the genus Testudo. Among the hard-shelled cmydine tortoises, 
we have, from the Siwaliks, a species of Bellia described by Mr. 


* Pal. Mem. Yol. I, pi. XXXII, figs. 4-7. 
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Theobald* under the name of B. sivalensis. This species, according to 
Mr. Theobald, is very closely allied to B. crassicollis , which, according to 
the same writer,f inhabits Tcnasserim, Siam, and Sumatra. The other 
living species (B. nuchalis) inhabits Java. Another carapace of a Siwalik 
emydine, in the Indian Museum, seems to belong to a second species of 
Bellia. In labels on the casts of Siwalik fossils from the British Museum, 
a three-ridged carapace of an emydine bears the name of Fmys haviiltomiiles 
(Falc. and Cant.): this name was doubtless given from tho resemblance of this 
carapace to that of tho living Damonia (Fmys) linmiUonii , now inhabiting 
Lower Bengal: the generic name of the fossil should probably be Damonia. 
An imperfect carapace, collected by Mr. Theobald in the Siwaliks of tho 
Punjab, and now in the collection of the Indian Museum, seems to belong 
to Fmys proper. Mr. Theobald has lately described ,X under the 
name of Caultrya annnliycr , a gigantic Siwalik emydine, from the evi¬ 
dence of a single marginal bone; the genus is said to bo distinguished 
from all other amydines by the cartilaginous, in place of osseous, union 
of tho marginal with the adjoining bones. In tho family Bata - 
guriilce,* * § D\'. Falconer determined the identity of a Siwalik emydine with 
Baiiyshura {Fmys) tectum, of Bcll§; subsequently, tho species was 
shown by Dr. Stolie/.kaj| io occur in tho newer Narbada deposits also: 
Fanyshnra tectum now inhabits Lower Bengal. Of the genus Batayur, a 
part of a plastron from the Narbada has been thought by Dr. Stoliczka^f 
to belong very probably to B. dhonyolca, now found living in the Narbada, 
ltemains of a large Batayur, from the Siwaliks, are contained in tho collec¬ 
tion of the Indian Museum, but have not yet been specifically determined. 
A small carapace, with a ridge on the vertebral plates, lately presented by the 
llurki Museum to the Indian Museum, very probably belongs also to Batayur. 
Of the so rebelled river-tortoises, a Trionyx from the Narbada has been 
thought by Dr. Stoliczka** to bo not improbably identical with the living 
T. yanyelicus. Plates of an undetermined Trionyx have been obtained in 
considerable numbers from the Sub-IIimalayau Siwaliks, and from those of 
Burma and Perim Island. A carapace of an Fmyila in the British Museum, 


from the Siwltliks, has been 


identified by Dr. dray with the living Fmyila 


vittata {ceyloncnsis, dray). This species, according to Mr. Theobald, inlu- 


* It. G. S. I. Vol. X, p. 43. 

t Catalogue of Reptiles of India, p. 10. 

t It. G. S. I. Vol. XII, p. 180. 

§ Pal. Mom. Vol. I, p. 382. 

|| R. G. S. I. Vol II, p. 30. 

II Loc cit. 

** Luc. cit. 
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bits Central and Southern India and Ceylon. In the Indian Museum there 
are numerous remains of Emyda from the Siwaliks of the Punjab, Burma, 
and Pcrim Island, which may or may not belong to the last-named species. 

General Remarks. —The foregoing notes will show that the fossil 
reptiles of India are noticeable for the extreme paucity of species known, 
and for the fragmentary remains of the known species. The Mesozoic 
Reptilia belong, as far as described, to extinct genera: the one known Eocene 
reptile ( Hydraspis) belongs to a living genus, but one which is now far 
removed from India. The Siwalik (Mio-Pliocene) reptiles appear in great 
part to belong to living Indian genera, and in many cases to living species ; 
the modern representatives are, however, in most cases, found no longer in 
the Sub-Himalayan disticts, but arc now confined to Southern India. The 
Narbada fossil reptiles, in all probability, belong altogether to living 
species, and probably to species inhabiting the same district. 

Fossn- Bums. ■> 

Mio-Pliocene. —Fossil remains of birds have hitherto been found in 
India only in the Sub-Hitnalnyan Siwaliks, and there only iu comparative¬ 
ly small numbers. Some of their remains are in the Indian Museum, and 
have been partly described by myself,* * * § while others arc in the British 
Museum, and have been lately described by Mr. Davies.f Among the 
carinate birds, a tarso-metatarsus is considered by Mr. Davies to belong to 
a cormorant, possibly of the genus Qraculus.% A species of pelican (Pele- 
canus entitleyi) is indicated by a fragment of an ulna; this bird, according 
to Mr. Davies, must have been somewhat smaller than the living Indiau P. % 
mitralus. Another part of an ulna has been referred to a new species 
(Pelecanus sioalcnsis) by Mr. Davies, with a reservation as to the generic 
determination. A gigantic wader has been described by myself, under the 
name of Megaloscelornis sivalensis, from the evidence of a sternum and tibio- 
tarsus. A distal extremity of a large bird humerus in tho Indian Museum, 
collected by Mr. Fedden in Sind, has a diameter of 2 iuches across the' 
condyles: I cannot at present identify this bone with the^ humerus of 
any living genus of bird: from its size it might belong to Mega - 
loscelornis; it makes some approach to the humerus of Ploteus. A 
species of adjutant has been named by Milne-Edwards Argala falconeri. § 

* R. Or. S. I. Vol. XII, p. 52. 

t Geol. Mag. January 1880, p. 18. 

t This bone was doubtfully referred by M. Edwards to Phaeton. 

§ The bone iu the British Museum referred to by myself on page 56 of the above 
quoted paper belongs to this species. 
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There are also two small undetermined bird bones in the Indian Museum. 
The Struthioid or liatitian modification of bird structure appears to have 
been represented by three Siwalik species; viz., an ostrich (Strathto asiaticus) 
indicated by some of the bones of the lower leg and foot and by vertebra : 
an emeu (Dromams sivalensis), by bones of the foot: and, according to Mr. 
Davies, a throe-toed bird, intermediate between these two genera, by a 
single phalangeal bone. The living ostrich is confined to the African con¬ 
tinent, and the emeu to Now-Holland ; the occurrence of fossil species of 
those genera in the higher Tertiaries of India, probably points to a late land 
connection between these countries. 

Fossil Mammals. 

Eocene .—No traces of mammals have hitherto been detected in India 
below the Eocene, and in the latter formation only some fragmentary bones 
have been obtained by Mr. Wynne in the Nummulitics of the Punjab. The 
only determinable bones consist of the distal portion of the femur and meta¬ 
tarsals of a probably perissodactyle animal, and the astragalus of an artiodac- 
tyle.* The femur was obtained from the Nummulitie (Subathu) zone of the 
Pun jab,"while the astragalus was obtained immediately above the Nummulitie 
clays of Fatehjang in the Punjab, which are probably of upper Eocene age. 
The astragalus seems certainly to be that of a ruminant, as it belonged to 
an animal in which the navicular and cuboid bones were united. If this 
determination be correct, ruminants existed in the upper Eocene period. 

Mio-Pliocene .—The Tertiary ossiferous rocks of Perim Island, Sind, 
the Punjab, the Sub-TIiinalayan Siwaliks, Sylliet, Tibet, and the valley of 
the Irawadi, have yielded a largo number of mammalian and other verte¬ 
brate fossils, many of which are represented in the collection of the Socie¬ 
ty, now transferred to the Indian Museum. The fossils of the Irawadi 
valley were Jirst brought to notice by Crawfurd and Clift, while thoso 
of the typical Siwaliks were rendered classic by the labours of Falconer and 
Cautley, and other former members of this Society. Some of these fossili- 
ferous beds arc of Miocene, and others of Pliocene age, and an admirable 
resume of their distribution and relations are given in tho ‘ Manual of the 
Geology of Hidia,’ to which work I must refer my readers desirous of 
further information on this subject. 

The Siwalik Primates are at present known merely by a few frag¬ 
ments of upper and lower jaws and teeth, and it is probable that more 
species remain to be discovered. The known forms comprehend a large 
anthropoid ape, which has been named Palceopithecus sivalensis ;f this 

* It. G. S. I. Vol. JX, p. 92. In that passage the words “ mammaliferom clays, 1 ' 
should ho “ nummuliferous clays.” 

t It. G, S. I. Vol. XII, p. 38. 
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species is known by the palate of a female and the canine of a male, and 
seems to have been allied to the living orang of Borneo, but is distinguished 
by the form of its premolars; two species of (probably) SemnopUhccus 
and two of Macacus* have also been determined. 

Among the Carnivora, we have a large tiger (Felis cristate) f charac¬ 
terized by its large sagittal crest; a second species has lately been described 
by Mr. P. N. Bose under the name of F. qrandicristafa,% with a still 
larger crest; while a third and much smaller species is indicated by a lower 
jaw in the Indian Museum. Of the genus Mediai rod its ( Maeharodus ), 
there is M. sivahnsis of Falconer and Cautley, said by Mr Bose to be 
e(jual in size to the jaguar, and a larger species described by the same 
writer under the najno of M. pa he indie us. The genus Fseudalurus, dis¬ 
tinguished from Fdis by the presence of an additional lower premolar, is 
known by one lower jaw, which I have referred to a new species under the 
name of F. sivahnsis.§ Among the civet-like animals, we have Vivcrra 
haJcrri of Mr. Bose, said to be closely allied to the living civet, and 
Iclitherium sicalense described by myself from a lower jaw.|| The hyaenas 
aro represented by Up ana sivalensis of Falconer and Cautley, said by 
Mr. Bose to present relationship both to the Indian U. striata and the 
African 11. crocuta; and II. /dim of Mr. Bose, distinguished by the 
absence of the first upper premolar. The dogs, according to the same 
writer, are represented by two species of Can is (C. curoipalatus and C. 
cautlcyi), the latter closely allied to the wolf; there is a specimen of 
the palate of a Canis in the Indian Museum, but 1 am at present unable to 
say whether it belongs to either of the above species. The genus Amphi- 
cyon, distinguished from Canis by the presence of an additional upper molar; 
is represented by A. palaindicus,^ [ remains of which have been obtained 
from Sind and the Punjab. The bears are known by a single undescribed 
cranium of Ursm in the Indian Museum, and by the remarkable genus 
Ujanarctos, of which two species are known : II. sivalensis** was the origin¬ 
al species on which the genus was founded, and has the upper molars with , 
quadrangular crowns ; a tooth apparently belonging to this species has been 
described by Professor Flower from the newer Pliocene (Bed Crag) of 


* It. O. S. I. Vol. XII. p. 92. 

f Pul. Mem. Vol. I, p. IUo. In manuscript the name of Felts paUcoligris occurs. 
$ Of this and live other species of Siwalik Carnivora, described by the samo writer, 
I have only seen the notico given in ‘ Nature,’ dan. 1st, 1880. 

§ R. G. S. I. Vol. X, p. 83. 

|1 Ibid. p. 32. 

Pal. lnd. Sor. X, Vol. I, p. 84. Mcgalotis (Otocyon) normally agrees with 
Amphieym in having three upper true molars: it may, however, according to Prof. 
Flower, have four of these teeth. 

** F. A. S. pi. 0. 
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England: the second species, named by myself II. palceindicus,* * * § is known 
only by an upper jaw, not yet figured; the upper molars of this species 
have triangularly shaped crowns, somewhat like those of Amphicyon. Of 
the subursoid Carnivora, we have the living Indian and African genus 
Mellivora , represented by M. sivalensis, f apparently very closely allied 
to the living Indian species. A species of badger (Meles) is indicated 
by one lower jaw collected by Mr. Theobald. $ Of the otters, one species 
of Lntra {I. palceindica) has been named by Falconer and Cautley from a 
skull and lower jaw § ; another lower jaw in the Indian Museum, collected 
by Mr. Theobald, not improbably belongs to a second Siwalik species. 
Enhydriodon\\ is a genus peculiar to the Sivvaliks, and is allied to the living 
sea-otter (Euhydris) now inhabiting the shores of tin) North Pacific ; the 
Siwalik genus was not improbably a river-dwelling form. 

Of the Proboseidia, now represented only by the Indian and African 
elephants, there were a large number of Siwalik species, belonging to the 
genera Elephas, Qlastodon, and Einolhrrmm. Of the first-named genu3, 
there were three sub-genera living in Siwalik times, viz., Eaalephas, Loxodon, 
and Btegpdon. Euelephas was represented by E. hysudricus, provided with 
simpler molars than the living representative of the sub-genus; Loxodon was 
represented by L. plant from, remarkable for being the only species of 
elephant in which premolars arc known to have boon developed. The sub¬ 
genus Stegodon is peculiar to South-Eastern Asia, and was represented by four 
species in the Sub-Himalayan and other Indian Siwaliks: these species 
are named S. ganesa, S. insignis, S. hombifrons, and S. cliftii. The molars 
of the two first are more complex than those of either of the other two, 
and are indistinguishable from each other ; the skull of the first species is 
distinguished by its enormously developed tusks. The intermediate molars of 
8. cliftii have not more than six ridges each. From (probably) Pliocene 
deposits in China, two stegodons have been described by Professor Owen 
under the names of 8. sinensis and S. oriental is, which appear to be 
w respectively the same as S. cliftii and S. insignis.% Of tho mastodons, 
five species, M, sivalensis, M. latidens, M. perimensis, M. pandionis, and 
M. falconeri, *have been described from the Mio-Pliocene of India: the 
three first-named species belong to the tetralophodont, and tho two last to 
the trilophodont, sub-division of the genus: the two first-named species 
have a tendency to a pcntalophodont molar formula. Of the European 

* It. G- S. I. Vol. XI, p. 103. 

t Ibid. p. 102 : named in ‘ F. A. S.’ Ursitaxus. 

t R. G. S. I. Vol. XI, p. 102. 

§ F. A. S. supl. pi. PI. 

|| Ibid. 

f Pal. lad. Ser. X. Vol. I. pt. 5 (in tho press.) 
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species is known by tlio palate of a female and the canine of a male, and 
seems to have been allied to the living orang of Borneo, but is distinguished 
by the form of its premolars; two species of (probably) Semnopithecus 
and two of Macaeus* * * § have also been determined. 

Among the Carnivora, we have a large tiger (Fells cristate) f charac¬ 
terized by its large sagittal crest ; a second species has lately been described 
by Mr. P. N. Bose under the name of F. grant!icristatu,% with a still 
larger crest; while a third and much smaller species is indicated by a lower 
jaw in the Indian Museum. Of the genus Machairodns ( Machtrrodus), 
there is M. si vale ns is of Falconer and Ouutlcy, said by Mr Bose to be 
equal in size to the jaguar, and a larger species described by the same 
writer under the name of A£. paheiadieus. The genus Idscudcclunts, dis¬ 
tinguished from Felis by the presence of an additional lower premolar, is 
known by one lower jaw, which I have referred to a new species under tho 
name of P. sivalensis.§ Among the civet-like animals, we have Viverm 
hakeri of Mr. Bose, said to be closely allied to the Jiving civet, and 
Ictilkerium sivatense described by myself from a lower jaw || The hyamas 
are represented by Ilyania sicatennis of Falconer and Cautley,, said by 
Mr. Bose to present relationship both to the Indian 1L. striata and the 
African II. crocuta; and II. fe.tina of Mr. Bose, distinguished by the 
absence of the first upper premolar. Tho dogs, according to the same 
writer, arc represented by two species of Can is (C. curvipalatus and O. 
cautleyi) , the latter closely allied to the wolf; there is a specimen of 
tho palate of a Cants in tho Indian Museum, but I am at present unable to 
say whether it belongs to either of the above species. Tho genus Amphi- 
cyon, distinguished from Can is by the presence of an additional upper molar, 
is represented by A. palacindicns,^ remains of which have been obtained 
from Sind and the Punjab. The bears are known by a single undcseribed 
cranium of Ursns in the Indian Museum, and by the remarkable genus 
Ilyainarctos , of which two species are known : II. sioalensis** was the origin¬ 
al species on which the genus was founded, and has the upper molars with 
quadrangular crowns ; a tooth apparently belonging to this species has been 


described by Professor Flower from the newer 


Pliocene/lied Crag) of 


* R. G. S. I. Vol. XII. p. 1)2. 

■f Pal. Mem. Vol. 1, p. ttlo. lu manuscript tho name of Felis pulaoligris occurs, 

j Of this and five other species ot Siwulik Carnivora, described by the same writer, 
I have only soon the notieo given in ‘ Nature,’ Jau. 1st, 1880. 

§ E. G. S. I. Vol. X, p. 83. 

|| Ibid. p. 32. 

Pal. lnd. Ser. X, Vol. I, p. 84. Megabits ((Jlocgoii ) normally agrees with 
Amphicyoit in having three upper true molars: it may, however, according to Prof. 
Flower, have four of theso teeth. 

** l'\ A. S. pi. O. 



1880.] 


25 


History of the Fossil Verlelrata of Indin. 

England: the second species, named by myself H. palceindicus,* is known 
only by an upper jaw, not yet figured; the upper molars of this species 
have triangularly shaped crowns, somewhat like those of Amphicyon. Of 
the subursoid Carnivora, we have the living Indian and African genus 
Mellioora , represented by M. sioalensis, + apparently very closely allied 
to the living Indian species. A species of badger (Meles) is indicated 
by one lower jaw collected by Mr. Theobald. J Of the otters, one species 
of Luira {L. palceindica) has been named by Falconer and Cautley from a 
skull and lower jaw§ ; another lower jaw in the Indian Museum, collected 
by Mr. Theobald, not improbably belongs to a second Siwalik species. 
Fnhydriodon\\ is a genus peculiar to the Siwaliks, and is allied to the living 
sea-otter (Enhydris) now inhabiting the shores of tin* North Pacific ; the 
Siwalik genus was not improbably a river-dwelling form. 

Of the Proboscidia, now represented only by the Indian and African 
elephants, there were a large number of Siwalik species, belonging to the 
genera Elephas, QLastodon, and Dinotherium. Of the tirst-uained genus, 
there were three sub-genera living in Siwalik times, viz., Euelephas , Loxodon , 
and Slegpdon. Euelephas was represented by E. hysudricus , provided with 
simpler molars than the living representative of the snb-genus j Loxodon was 
represented by L. planifrons , remarkable for being the only species of 
elephant in which premolars are known to have been developed. The sub¬ 
genus Stegodon is peculiar to South-Eastern Asia, and was represented by four 
species in the Sub-Himalayan and other Indian Siwaliks : these species 
are named 8. ganesa, 8. ins ignis, S homhifrons, and 8. cliftii. The utolars 
of the two first are more complex than those of either of the other two, 
and are indistinguishable from each other ; the skull of the first species is 
distinguished by its enormously developed tusks. The intermediate molars of 
S. cliftii have not more than six ridges each. From (probably) Pliocene 
deposits in China, two stegodons have been described by Professor Owen 
under the names of S. sinensis and 8. orientalis , which appear to be 
, respectively the same as S. cliftii and 8. insign is.% Of the mastodons, 
five species, M. sivalensis, M. latidens , M. perimensis, M. pandionis, and 
it f. falconeri f9 have been described from the Mio-Pliocene of India; the 
three first-named species belong to the tetralophodont, and the two last to 
the trilophodont, sub-division of the genus -. the two first-named species 
have a teudency to a pentalophodont molar formula. Of the European 

* R. G. S. I. Vol. XI, p. 103. 

t Ibid. p. 102 : named in ‘ F. A. S.’ Ursitaxus. 

% R. G. S. I. Vol. XI, p. 102. 

4 F. A. 8. supl. pi. PI. 

|| Ibid. 

f Pal. Ind. Ser. X, Vol. I. pt. 6 (in tho press.) 

4 # 
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Miocene genus Dinotherium , three species, JD. indicum, D. pentapotamiee, 
and D. sindiense , have been described from the Indian Mio-Pliocene : the 
last species presents a remarkable approximation to the mastodons in the 
form of its mandible.* 

The perissodactyle modification of the great order Ungnlata is well 
represented, both in genera and species, in the Indian Mio-Pliocene. Of 
Rhinoceros there are four named species, Ji. iravadicus, R. sivalensis , JR. 
palceindicus, and R. platyrhinus ;+ the molars of the two first are constructed 
on the type of those of JR. sumatrensis ; those of the last on the type of those 
of JR. indicue; JR. sivalensis and R. palceindicus were unicorn, and JR. 
platyrhinus was bicorn. Bones of one species have also been obtained from 
Tibet. The hornless rhinoceroses were represented by Acerotlierium peri - 
mense, of which there is a fine undescribcd skull from the Punjab in 
the Indian Museum. $ It is doubtful if the genus Tapirus is represented 
in the fossil state in India; a symphysis of a mandible has been figured 
in the second volume of the second series of the * * § Transactions of the 
Geological Society of London’ by the late Mr. Clift, and referred to 
Tapirus , but I think the determination is at least open to doubt.,. Molars 
of Listriodon were described in MSS. by Falconer under the name 
of Tapirus and so published in the ‘ Paheontological Memoirs.’§ The 
genus JListriodon\\ is represented by two species, L. pentapotamiee and 
Tj. theobaldi. The genus Clialicotherium is represented by one species 
(O. sivalense),^ presenting some peculiar points in its dentition : this genus 
has till lately been classed with Anoplothrrium among the Artiodactyla, 
but Professor Cope has lately come to the conclusion that it is a perisso- 
dactylo allied to JPalaeotherium. The horses are represented by the genera 
JEyuus and lUippotherium (II ip par ion). JEquus is known by a Siwalik 
species (JE. sivalensis) ,** never fully described, and by one frqm the Tibetan 

• For figures and descriptions of the Indian fossil Proboscidia, see F. A. S. and 
Pal. Ind. Ser. X, Yol. I, pt. 5 (in the press) : a jaw of D. pentapotamiee was described 
as Antolctherium by Falconer. 

f F. A. S. and Fal. Ind. Sor. X, Yol. I. 

J Somo molars of this species were described by myself under th^namo of Rhino - 
ceros planidens. R. Sivalensis has latoly boon mado the type of a now genus Zalabis 
by Prof. Cope, but on insufficient grounds. 

§ Vol. T, p. 415. 

|| Pal. Ind. Ser. X, Vol. I. and II. G. S. I. Vol. XI, p. 98 I have followed Pro¬ 
fessor Cope in classing this genus with tho tapirs; Kowalcwsky was inclined to place 
it among the artiodactyles. 

f Pal. Mem. Vol. I, pi. XVII. 

** Professor Huxley (Q. J. G. S. L. 1870, Presid. Address) remarks that some of 
tho Siwalik horses show traces of a “ larmial” oavity on the skull. I do not know 
whether this remark applies to the Siwalik or Narbada horse, but probably the former 
as tho older. 
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Tertiaries: of Hippotherium, there are two Siwalik species, H. antihpinum 
and H. theobaldi * : remains of the genus have also been obtained from 
Tibet. M. Gaudry remarksf that the Siwalik Hippotheria have no lateral 
digits; this may possibly be the case with H. antilopinum , but it is 
certainly not so with the larger H. theobaldi , of which there is a nearly 
complete tridactyle foot in the Indian Museum. H. theobaldi has not 
yet been fully described; it is very like H. yracile , to which species some 
Siwalik molars were referred by H. von Meyer{ under the name of Equus 
primiyenins. 

Of the artiodactyle modification of the Ungulata, there is a still longer 
list in the Indian Mio-Plincone. In the buuodont sub-division, we have 
Hippopotamus represented by two species (II, iravatficus and H. sivalen - 
sis), both belonging to the hexaprotodont sub-genus. A Siwalik bunodont 
(Tetraconodon may mini) § is noticeable for its enormous conical premolars j 
this genus is probably related to Entelodon (Elotherium ) of the Ter¬ 
tiaries of Europe and America. The true pigs (Sus) aro represented by 
three species, S. giyanteus, S. hysudricus, and S. punjabiensis ; the two 
former were named by Falconer and Oautley, while the last name was applied 
by myself || Sanitherium is a small suinc animal, only known by the lower 
molars. Hippohyus is a genus of suinc animals whose molars present a pecu¬ 
liar complexity of pattern, recalling that of the molars of the horse ; the 
genus is peculiar to the Siwaliks, where it appears to have been repre¬ 
sented by two species.The European Miocene genus llyotherium is 
.represented in the Tertiaries of Sind and Perim Island by a species which I 
have provisionally named H. sindiense.** Of the suinc animals with sele- 
nodont teeth, we have, among the forms with five cusps on the molars, a 
species of Antliracotherium (A. silistrense)ff from Sind, the Punjab, and 
. Sylhet, and ^species of llyopotamus (II. sindiense)%% from Sind: among the 
forms characterized by having only four cusps on the molars, we have four 
genera, Hcrycopotamm, Ghceromeryx , Hemimeryx , and Simmeryx,^ all 
' peculiar to the Sind and Punjab Siwaliks, and each known only by a single 
species: || || the two last genera* are at present undescribed. 

* Milk-mcUars of this spocies were at first referred to a new genus, Sivalhippus, 

- by myself (R. G. S. I. vol. X. pp. 31. 82). 

f “ Aminaux Fossilos and Geologic) dd l’Attique” p. 231. 

J Palmontographica, Vol. XV, p. 17. 

§ Pal. Ind. Ser. X, Vol. I. 

|| R. G. S. I. Vol. XT, p. 81. A suine animal has been named by myself Hippo• 
potamodon , but I am now not certain of its goneric distinctness. 

! Ibid, p 82. ** Ibid p. 77. 

f t Ibid. p. 78, a jaw of this species was described by me as A. punjabiense. 

tt Ibid. Vol. X, p. 77. §& Ibid. Vol. XI, pp. 78, 80. 

HU Falconer in a MS. noto described some teoth of Doreathet'ium , under the name 
of Meryeopotamus nanus, (t*al. Ind. Ser. X, Vol. I.) 
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Among the true ruminants, we have the deer family represented by 
several species of Cervus, namely, G. triplidens, G. simplicidens, and O. 
latidens ; the genus of the last being somewhat doubtful. A fourth 
nndeseribed species has been named 0. sivalensis* The genus Dorca - 
therium is represented hy the two species, D. majus and D. minus.X 
At least one of the Siwalik deer had branching antlers with a flattened beam, 
somewhat like those of the living C, duvaucellii. Cervus triplidens had a 
large accessary column in the molars, while G. simplicidens was a species as 
large as the Kashmir stag, with a much smaller accessory molar column. A 
single molar in the Indian Museum seems to indicate a Siwalik representative 
of the genus Palaomeryx. The giraffes were represented in India by pi*o- 
bably two species, onq of which has been named Camelopardalis sioalen- 
sis.X Of the family Sivatheriidsc, which, with the exception of ltelladothe- 
from the Piker mi beds of Attica, is peculiar to India, we have four 
genera in the Mio-Pliocene. Jlydaspitherium is represented by probably 
three species, II. megaccphalum known by the skull, *which carried a 
massive conjoint liorn-base above the occiput; and II hptognathus and 
H grande, by lower jaws and teeth. Bramatherium perimense is known 
by the skull, teeth, and jaws; this species seems to have carried a pair 
of horns over the occiput and a large conjoint horn-base on the fron- 
tals. Yishnutkerium iravadicum is at present only known definitely 
by a fragment of a lower jaw from Burma of much smaller size than any 
of the other genera : it is not impossible, however, that some nondescript 
upper molars, in the Indian Museum, from the Punjab, may belong to this 
genus. Sivathcrium giganteum was the first known of this group of ani¬ 
mals, and was originally described in the Society’s Journal || as a fossil elk : 
several skulls of this species are known; the male carried two pairs of horns, 
placed like those of the living Indian four-horned antelope JTetraceros), 
while the female was hornless. An elaborate memoir on this interesting 
animal has been published by Dr. Murie.f The molar teeth seem to be 
nearest to those of the giraffes, and also approach those of Germs 
megaceros and Aloes : Dr. Murie comes to the conclusion that the horns of 
Sivatherium wore intermediate in structure between the antlers of deer 
and the horns of the true cavicorn ruminants, and that they probably 

• 

* Pal. Ind. Ser. X, Vol. I, Preface (in the press). 

t Ibid. 

J Remains of this species were doscribod under the names of C. sivalensis and C. 
aJHnis by Falconer. See R. G. S. I. Yol. XI, p. 83. 

§ Pal. Ind. Ser. X, Vol. I, It. G. S. I. Vol. XI, p. 90. M. Gaudry in his work, 
‘Lob Enchaincmcnts du Monde Animal,’ mentions that Helladotherium occurs in 
India: I am unacquainted on what grounds. 

|| Vol. IV, p. 606. 

f Geol. Mag. Vol. VIII, p. 438. ' 
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carried a deciduous sheath like those of the living American prong-buck 
(Antilocapra). Of the antelopes, several species have been described, the 
largest of which (A. palceindica,)* is supposed to have presented affinities 
to some African forms; A. sioalensisf is allied to the Indian bluckbuck 
{A. cervicapra) ; while A. patulicornis and A. acuticornis do not appear 
to come close to any living forms. Other molar teeth belong to a 
species of Portax, now only represented by the living nilghai of India. 
Others again are like those of Palceoryx, a genus of antelopoid ani¬ 
mals described from the Pikermi beds of Attica; this determination, 
owing to the absence of skulls and the great difficulty of precisely deter¬ 
mining isolated ruminant teeth, is only provisional. The oxen are repre¬ 
sented by five genera, among which Jlemibos is represented by threo species, 
II. occipitalis, LI. acuticornis , and H. anlilopimts:% this genus is peculiar to 
the Siwaliks, and connects the oxen and antelopes. Leplobos falconeri is 
another species of antelopoid oxen, known by some crania. The genus 
Bubalus is represented by Bubalus platyceros, a species with horns concave 
superiorly; and, in the highest Siwalik, by B.palwindicus, which is extreme¬ 
ly close*to the living wild buffalo of Assam. Of the genus Bison, there 
is only one species in the Siwaliks, which has been named B. sivalensis, and 
which seems to have been related to the extinct European B. priscus. Of 
the true oxen (Bos) there arc three Siwalik species, namely, Bos acutifrons 
remarkable for its enormous horns and angulated forehead ; B. planifrons 
with shorter horns and a flattened forehead, and allied to the gigantic Bos 
primigenius of Europe ; and Bos platyrhinm only known by the lower half 
of a skull, and of which the generic affinities are doubtful. There seem to have 
been four species of goats in the Indian Tertiaries, most of which are probably 
of Pliocene age, viz., an unnamed species with horn-cores very like those 
of the Himalayan Capra falconeri (markhor), and two named species, 
C. sivalensis and C. perimensis, both of which arc only known by front- 
lets and horn-cores: the fourth species has been described by Professor 
Kiitimeyer under the name of Bucapra davicsii. No remains of the 
genus Oois have hitherto been described from the Sub-Himalayan or 
other India® Siwaliks, but a cranium obtained from the presumably 
Siwalik strata of Tibet has been referred by the late Mr. Blyth to this 
genus. The genus Camelus is known by C. sivalensis, which presents a pe- 

* Pal. Mem. Vol. I, pi. 23. 

f Pal. Ind. Scr. X, Vol. I. Two species (A. pieta and A. gyricornisj were named 
in MSS. by Falconer. 

J Theso three species havo been also described under the generic names of Probu- 
balus, Amphibos, and Peribos ; the synonomy will be found in the first volume of the tenth 
series of the ‘ Palreontologia Indica,’ whore all the other Indian fossil ruminants aro 
noticed. Part of this volume is still in the press. 
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culiarity in the lower molars, connecting it with the American auchenias, 
and distinguishing it from the other old-world camels.* The similarity of 
the lower molars of the Siwalik camel and Auchenia is very noteworthy, 
since America is supposed to have been the original home of the Camelidee : 
this supposition is supported by the connection between the living Ame¬ 
rican camels (Auchenia ) and the Pliocene old-world camels. 

The other orders of Mammalia are only represented by a few species 
of Kodentia and one of Edentata. Among the rodents, a rat (il tus) is 
mentioned by Falconer as a member of the Siwalik fauna. A species of 
bamboo-rat (Rhizomys sivalensis) f has been named by myself, from some 
lower jaws collected by Mr. Theobald in the Punjab. A porcupine (Hystrix 
sivalensis) is known By a part of a cranium and a lower jaw. 

The edentates aro only known by one species of pangolin (J\fanis 
sindiensis), which has been named on the evidence of a solitary phalangeal 
bone from Sind.J 

The Mio-Plocene mammalian fauna of India, as a Whole, is charac¬ 
terized by the great number of forms belonging to the orders ineluding 
animals of large corporeal bulk, and also by the admixture of modem Afri¬ 
can and Miocene European genera with those now peculiar to India. The 
Proboscidia and the perissodactyle Ungulata, now so sparingly represent¬ 
ed on the globe, were abundant in Mio-Plioecne India, and were probably 
the dominant forms : the ruminants have now diminished somewhat in num¬ 
bers in several groups, but not to such a striking extent as the proboscidians. 
The selenodont hogs, like Mcrycopotamus and Antliracotherium, belong 
to a group which has completely passed away, while their congener the 
hippopotamus is now confined to Africa. OE the larger mammals now 
inhabiting India, nearly all are genorically represented in the Pliocene, 
while forms, like Anoa (the living representative of JZemibos ^ inhabiting 
neighbouring countries seem to have descended from Indian ancestors. 
The micro-mammalia are practically unrepresented in the Mio-Pliocene, 
but this is probably due to the smaller chance of their remains being pre¬ 
served in a fossilized condition, or, if so preserved, of being discovered. 

« 

Pleistocene. 

The mammals of the Pleistocene of India are as yet even less well 
known than those of the Mio-Pliocene, owing to the smaller areas in which 

* A second species of Siwalik camel was named in MSS. C. antiquus by Falconer. 
This species cannot now be identified. 

t For descriptions of this and other Siwalik rodents, see R. Q, S. I. Yol, XI, p. 
100. 2 Ihitomys is probably the same as Typhlodon of Falconer. 

t Pal. Ind. Sor. X, Vol. I. 



31 


1380.] History of the Fossil Yertebrata of India. 

they are found. It seems, however, even with our present knowledge, to 
be pretty safo to say that the numerical strength of species of the 
larger mammals so characteristic of the Mio-Pliocene had disappeared in the 
Pleistocene. Prom the older alluvium of the Jamna river, mammalian bones 
have been obtained in considerable quantities, but only two species have been 
satisfactorily determined ; the remaining bones have only been generically 
named, and are, therefore, not referred to here, as it is in many cases 
impossible to say whether they belong to living or to extinct species. 
The presence of Hippopotamus remains in a stratum is pretty good 
evidence of such stratum being not newer than the Pleistocene. The 
discovery of a molar and canine of this genus in the alluvia of the Pem- 
ganga river, by Mr. Fedden, consequently shows that* some of those deposits 
should be referred to the Pleistocene. In many cases, as in the delta of 
the Ganges, it is often most diilicult, or impossible, to draw the line between 
the Pleistocene deposits and the iiecent alluvium of the same area. 

In the lateyte of Madras, stone implements, and a human tibia have 
been found by Mr. Foote, and arc assigned to the Pleistocene by Profes¬ 
sor Boyd-Dawkins. Stone implements have likewise been obtained from 
the ossiferous beds of the Narbada valley, in association with the remains 
of extinct mammals. The mammalian fauna of the Narbada beds comprises, 
among the Carnivora, a species of bear (Ursus namadiem) , named by the 
authors of the ‘ Fauna Antiqua Sivalensis’ on the evidence of a portion of 
the maxilla with the molar dentition : this specimen is now in the British 
Museum, presented by Captain Frazer.* Among the Proboseidia, we have 
the extinct Euclephas namadiem, characterized by the extraordinary ridge 
on the forehead; the molars of this species are very like those of the Eu¬ 
ropean Elephas antigum, from which Professor Leith Adams has thought that 
the Indian and European forms might belong to the same species. Stegodon 
was represented by 8. ganesa and, possibly, by S. ins ignis. Among the fossil 
perissodaetyles of the Pleistocene, we have Rhinoceros deecanemisf of Mr. 
Foote from the Deccan, a species without permanent lower incisors, and 
shewing African affinities ; find from the Narbada the living R. indicus , 
remains of vjjhich were at first named R. namadiem. A third species 
(R. namadiem) probably also existed in the Pleistocene. The horses are 
represented by Eguus namadiem,X as yet not fully described. Among 

* F. A. S. plato O. I have elsewhere mentioned a species of Felis from the Nar¬ 
bada beds, tho determination having been mado on the ovidcnce of the olecranal por¬ 
tion of an ulna in the old collection of tho Geological Survey; tho history of the 
specimen is, however, unknown, and from its mineral condition I am by no means sure 
that it is from the Narbada. 

t Pal. Ind. Ser. X, Yol. I. 

J Faun. An t Siv. E. pafaonue seems to he the young of E. namadiem. 
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the artiodactyles, we find two species of Hippopotamus , one of which 
(H. namadieus) belongs to the hexaprotodont type, while the other (H. 
palceindicus) is tetraprotodont, like the lafrger living species ;* JET. 
palceindicns has also been found in the older alluvia of the Jamna. 
The pigs seem to have been represented by Sus gignnteusA A species of 
stag was named by Falconer Gervns namadieus, but never described; 
a single molar from the Narbada in the Indian Museum is indistin¬ 
guishable from the corresponding tooth of the living O. ( Rucervus ) 
duvauccllii. Three species of Narbada oxen have been described, viz., 
Bos namadieus of Falconer and Cautley, a taurine ox showing some affini¬ 
ties to the living Asiatic genus Bibos, also occurring in the Pcm-ganga 
alluvium and, possibly, in the Deccan; Bubalns palteindicns of the 
same authors, very closely allied to the living wild Indian buffalo, also 
found in the Jamna alluvium; and Leptobos frazeri of Professor ltiiti- 
meyer. A species of nilghai ( For tux) has lately been described by 
the same writer from the Narbada rocks, under the name of P. namadieus ; 
teeth of the samO genus have also been obtained from the Pem-ganga allu- 
ium. 

The Pleistocene rodents are only represented by some incisors proba¬ 
bly belonging to the genus Mus, obtained from the Narbada valley, and 
now in the Indian Museum. 

Recent. 

The Recent deposits have not yet, as I have said, in many cases been 
satisfactorily separated from the Pleistocene, and the very local occurrence 
of mammalian bones renders this point of doubt one not likely to be soon 
cleared up. Any alluvial deposits of bones from which Hippopotamus is 
absent, and which do not contain any other extinct animals, I should be 
disposed to class as Recent. 

Human remains have been obtained in the alluvium of the plains in 
various localities, at considerable distances below the surface, but generally 
in very imperfect condition. Specimens of the teeth and jaws of Macaeus 
rhesus arc exhibited in the Indian Museum, obtained from the alluvia 
of Assam and Madras; those from the former locality are in a highly 
mineralised condition. Molars of the Indian elephant have been obtained 
in the alluvium of the plains of India, and in that of the delta of the 
Irawadi. A last upper molar of Rhinoceros indicus has been obtained 
by Mr. Foote in the alluvium of Madras : this specimen is very interesting 
as shewing the former range of that species far to the south of its present 
habitat, which Jerdon gives as “ the Terai from Bhotan to Nepal.” Sus 

* The smaller Liberian hippopotamus fChar opsin) has only two lower incisors. 

t The authority for introducing this species in the Narbada fauna is the specimon 
drawn in plate LXX, fig. 8. of the F. A, S. 
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indicus has also been obtained by Mr. Foote in the same formation. Anti/ope 
cervicapra is represented by a fossil horn-core in the Indian Museum whose 
exact locality is uncertain. Antlers, horn-cores, and teeth of species of Bos 
and Oervus have been obtained from alluvia of various parts of tho plains, 
and from raised beaches on the Kattiawar (Kattywar) coast; as, however, 
these specimens are not yet specifically determined, no more can be said 
about them. 

List op the Fossil Vebtebrata op India and Burma. 

The following list exhibits in a systematic form all the well-establish¬ 
ed species of Indian and Ilurman fossil vertebrata, together with the best 
authenticated of the unnamed species with which I am acquainted. For 
the great divisions of geological times, tho terms Anthropozoic (Ago-of- 
Man), Thcriozoic (Age-of-Mammals), Saurozoic (Age-of-Reptiles), and 
Iclithyozoic (Age-of-Fishcs), have been employed in lieu of the old terms 
Post-Tertiary, Kainozoic, Mesozoic, and Paheozoic, as being moro applicable 
to a chronology ef vertebrate evolution, and as forming a series of symme¬ 
trical terms. 

* I. ANTHROPOZOIC (POST-TERTIARY). 

1. Recent Alluvia. 

MAMMALIA. Pbimates. Homo (sapiens ?). Plains. 

Macacus rhesus. Gulpara and Madras. 
Probosctdia. Euelephas indicus. India and Burma. 
Unoulata. Rhinoceros indicus. Madras. • 

Sus indicus. Madras. 

Ccrvus. Kattiawar. 

Antilope cervicapra. Ganges Valley. (?) 

Bos. sp. Kattiawar and Plains. 

REPTILIA." Chelonia. ? (plates) Calcutta. 

Other undetermined remains of, probably, recent species. 

2. Pleistocene. 

MAMMALIA. Primates. Ifomo. sp. Narbada (weapons) and Madras 
• (weapons and bones). 

Carnivora. Ursus namadicus. (F. and C.) Narbada. 

Proboscidia. Euelephas namadicus. (F. and C.) Narbada. 

Stegodon ganesa. (F. and C.) Narbada. 

-? insignis. (F. and C.) Narbada. 

? Mastodon pandionis. (Falc.) Deccan. 
Unoulata. Rhinoceros deccanensis. (Foote.) Deocan. 

- indicus. (Cuv.) Narbada. 

- . ■■■ namadicus. (F. and C.) Narbada. 

Equus namadicus. (F. and C.) Narbada. 
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MAMMALIA. Ungulata. Hippopotamus namadicu9. (F. and C.) Narbada. 

- palajindicus. (F. and C.) Nar. and J. 

- sp. P: G. 

Sus gigauteus. (F. and C.) Narbada. 

Cervus sp (? duvancellii) (Narbada). 

Bubalus palseindicus (F. and C.) Narbada and J. 
Bos namadicus. (F. and 0.) Narbada. P: G. 

and (?) Deccan. 

Lcptobos frazcri. (Riit.) Narbada. 

Portax namadicus. (Riit.) Narbada, and P : G. 
Rodentta. Mus. sp. Narbada. 

REPTILIA. CitoooprLiA. Crocodilus (?) sp. Narbada. 

Chelonia. Pangsbura tectum. (Bell, sp.) Narbada. 
Batagur (? dbongoka ) Narbada. 

Trionyx (? gangoticus.) Narbada. 

II. TJJERIOZOIC (KAINOZOIC.) 

1. Plio-Miocene. 

MAMMALIA. Phtmates. Palieopithecus sivalensis. (Lyd.) S. 

Macacus sivalensis. (Lyd.) S. 

-sp. S. 

Scmnopitbocus subkimalayanus. (Myr.) S. 

-sp. S. 

Cabnivoua. Fclis cristata. (F. and 0.) S. 

-grandicristata. (Bose.) S. 

- sp. S. 

Machairodns sivalensis. (F. and C.) S. 

. — pabeindicus. (Bose) S. 

Pseudielurus sivalensis. (Lyd.) o. . 
Iciitberium sivalenso. (Lyd.) S. 

Viverra bakerii. (Bose.) S. 

Hyaena sivalensis. (F. and C.) S. 

-felina. (Bose.) S. 

Canis curvipalatus. (Bose.) S." 

- cautleyi. (Bose.) S. 

Ampbicyon palaundicus. (Lyd.) S. Sd. 

Ursus. sp. S. 

-sp. 1. 

liyjenarctos sivalensis. (F. and C.) S. Sd. 

— — . -— pabeindicus. (Lyd.) S. 

Mellivora sivalensis. (F. and C.) S. 

Melos, sp. (Lyd.) S. 
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MAMMALIA. Carniyoba. Lutra palnoindica. (F. and C.) S. 

Enhydriodon sivalonsis. (F. and C.) S? 
Probosctdia. Euelephas hysudrieus. (F. and C.) S. 

Loxodon planifrons. (F. and C.) S. 
Stegodon ganesa. (F. and 0.) S. 

- insignia. (F. and C.) S. 

- bombifrons. (F. and C.) S. 

-cliftii. (F. and C.) S. 

Mastodon sivalonsis. (F. and C.) S. 

-latidons. (F. and C.) S. I. Sd. P. 

-perimensis. (F. and C.) S. Sd. P. 

-pandionis. (F.) Sd. S. P. 

-falconeri. (Lyd.) Sd. S. 

Dinotherium indieum. (Falc.) S. P. 

- ■ ■ pontapotamiie. (Falc.) S. 

m -sindienso. (Lyd.) Sd. S. 

Ungulata. fChalicotherium sivalenso. S. Sd. 

.Rhinoceros iravadicus. (Lyd.) I. 

- paheindieus. (F. and C.) S. 

- platyrhinus. (F. and C.) S. 

- sivalensis. (F. and C.) S. Sd. 

- sp. Tibet. 


O 

cd 


Aeerothcrium pcrimense. (F. and C.) P.Sd.S.I. 
*3 -{ Listriodon pentapotamhe. (Falc. sp.) • 
- tbeobaldi. (Lyd.) S. 


(0i 

-fH 

J-l 

P* 


(?) Tapirus, sp. (Clift.) I. 
Equus sivalensis. (F. and C.) S. 


s . 


-sp. Tibet. 

Hippotherium antilopinum. ( F. and C.) S. 

— ■ ■ ■- tbeobaldi. (Lyd.) P. S. Sd. 

j- sp. Tibet. 

"Hippopotamus iravadicus. (F. and C.) I. 

-sivalensis. (F. and C.) S. 

Tetraconodon magnum. (Falc ) S. 

Sus giganteus. (F. and C.) S. 

— hysudricus. (F. and C.) S. P. Sd. 

— punjabicnsis. (Lyd.) S. 

Hippohyus sivalensis. (F. and C.) S. 

-sp. S. 

Sanitherium schlaginfrweitii (Myr.) S. 
Hyotherium sindiense(Lyd.)Sd. 
Anthracotherium silistrensc. (Pent.) Sy. S. Sd. 
.Hyopotamus palaeindicua. (Lyd.) Sd. 
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MAMMALIA. Ukgtjlata. 



Merycopotamus dissimilis. (F. and C.) S. 
Chaeromeryx silistrensis. (Pom.) Sy. 
Hemimeryx, sp. (Lyd.) Sd. 

Sivameryx, sp. (Lyd.) Sd. 

Cervus triplidens. (Lyd.) S. 

- sivalensis. (Lyd. Mss.) S. 

- simplicidens. (Lyd.) S. 

- (?) latidens. (Lyd.) S. 

Doi’catherium majus. (Lyd.) S. 

-minus. (Lyd.) S. 

Palajomcryx, sp. (Lyd.) S. Sd. (?) 
Camelopardalis sivalensis. (F. and C.) S. P. 

-sp. S. 

Hydaspitherium grande. (Lyd.) S. 

-leptognathus. (Lyd.) S. 

-megacepka?um. (Lyd.) S. 

Bramatherium perimensc. (Falc.) P. 
Sivatlierium giganteum. (F. and C.)S. 
Visbnutherium iravadicum (Lyd.) I. S. (?) 
Antilope palseindiea. (F. and C.) S. 

- patulicornis. (Lyd.) S. 

- porrecticornis. (Lyd.) S. 

—— sivalensis. (Lyd.) S. 

? Pakeoryx, sp. (Lyd.) S. 

Portax, sp. (Lyd.) S. 

Hemibos occipitalis. (Falc. sp.) S. 

- acuticornis. (Falc. sp.) S. 

- antilopinus. (Falc. *p.) S. 

Leptobos falconcri. (ltiit.) S. 

Bubalus platyceros. (Lyd.) S. 

- palanndious. (F. and C.) S. 

Bison sivalensis. (Falc. MSS.) S. 

Bos acutifrons. (Lyd.) S. * 

-planifrons. (Lyd.) S. 

-platyrhinus. (Lyd.) S. 

Bucapra daviesii. (Eiit.) S. 

Capra perimensis. (Lyd.) P. 

- sivalensis. (Lyd.) S. 

—— sp. (Lyd.) S. 

? Ovis, sp. (Blytk.) S. T. 

Camclus sivalensis. (F. and C.) S. 
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MAMMALIA. Rodentia. Mus. sp. S. 

Rhizomys sivalensis. (Lyd.) S. 
Hystrix sivalensis. (Lyd.) S. 
Edentata. Manis sindicnsis. (Lyd.) Sd. 
AVES. CAiiiNATiE. Graeulus (?), sp. (I)av.) S. 

Felccanus cautleyi. (Dav.) S. 

■ ? sivalensis. (Dav.) S. 

Megaloscclornis sivalensis (Lyd.) 
Mcgaloscclornis. (?) sp. Sd. 
Argala falconeri (M. Ed.) S. 
RATiTiE. Strutliio asiaticus. (M. Ed.) S. 

Dromams sivalensis. (Lyd.) S. 
Gen. indet. (Brit. Mus. Col.) S. 
REPTILIA. Crocodilia. Crocodilus palustris (Less.) S. P. 


PISCES. 


Lacebtilta. 

Ophidia. 

ClIELONIA. 


Elasmo- 

BBANC1III. 


Teleostei. 


- sp. I. 

Gharialis gangeticus (Gmcl.) S. Sd. I. 

-leptodus (F. and C.) S. 

-erassidens. (F. and C.) S. Sd. 

Varanus sivalensis. (Falc.) S. 

Gen. indet. S. Sd. 

Colossoclielys atlas. (F. and C.) 
Testudo (?), 5 sp. S. 

Bellia sivalensis. (Theo.) S. 

-sp. S. 

Damonia liamiltonoides. (Falc. sp.) S. 
Emys, sp. S. 

Cautley a an nuligcr. (Theo.) S. 
Pangshura tectum. (Bell, sp.) S. 
Batagur, sp. S. 

Trionyx, sp. S. I. P. 

Emydavittata. (Pet.) S. 

■ ■ sp. S, I. P. 

Carcharias, sp. I. 

Lamna, sp. Sd. 

? (vertebra).) P. 

? (palatal teeth) S. Sd. 

Chaca (?), sp. S. 

? (vertebrte.) S. Sd. 


2. Eocene (Intbatbappean and Nummulitic). 
MAMMALIA. Unciulata. (perissodaetyle femur). Punjab. 

(artiodactyle astragalus) Punjab. 
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REPTILIA. Crocodilia. (teeth and vertebra) Punjab. 

Chelonia. Hydraspis leitbii (Carter sp.) Bombay. 
BATRACHIA. Anouea Oxyglossus pusillus. (Owen, sp.) Bombay, 

- (?) sp. Bombay. 

PISCES. Elasmobran- 

chii. Myliobatis, sp. (Lyd.) Punjab. 
Teleostei. Diodon foleyi, (Lyd.) Ramri 1. and Pt. Blair. 
Capitodus indicus. (Lyd.) Punjab. 

? (Cyeloid scales) Nr. Thayelmyo. 

III. SAUROZOIC (MESOZOIC). 
t 1. Cretaceous Series. 

REPTILIA. Dinosauria. Megalosaurus, sp. (Lametaand Trichinopoli) 

Titanosaurus blanfordi. (Lyd.) Lameta gp. 

- indicus. (Lyd.) Lameta gp. 

? (unknown reptile.) Lameta gp. 
Crocodilia. (amphicielian sp.) (Lyd.) Sind. 

Chelonia. ? (plates.) Lameta, Rajamahendri, and Sind. 
Ichthyosauria. Ichthyosaurus indicus. (Lyd.) Trichinopoli. 
PISCES. Elasmobeancuii. Corax incisus. (Eg.) Trichinopoli. 

- pvistodontus. (Ag.) Trichinopoli. 

Enchodus serratus. (Eg.) Trichinopoli. 
Lamna complanata. (Eg.) Trichinopoli. 

- sigmoidcs. (Eg.) Trichinopoli. 

Odontaspis constrictns. (Eg.) Trichinopoli. 

- oxypeion. (Mg .) Trichinopoli. 

Otodus basalis. (Eg.) Trichinopoli. 

-divergens. (Eg.) Trichinopoli. 

-marginatus. (Eg.) Triclfhr&poli. 

——— minutus. (Eg.) Trichinopoli. 

-nanus. (Eg.) Trichinopoli. 

-semiplicatus. (Eg.) Trichinopoli. 

Oxyrhina triangularis. (Eg.),Trichinopoli. 

- sp. (Stol.) Trichinopoli. 

Ptychodus latissimus. (Ag.) Trichinopoli. 
Ganoidei. Pycnodus (?), sp. (Stol.) Trichinopoli. 

? ? (scales) Lameta. 

? ? (scales) Intratrappean. Rajamahendri. 


2. Jura-Triassic Series. 

REPTILIA. Dinosauria. Ankistrodon indicus (Hux.) Panchet gp’. 

Crocodilia. (amphieaelian sp.) (Lyd.) Chari gp. 
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REPTILIA. Cbocodilia. Parasuchus, sp. (Hux.) (hislopii. MSS.) 

Maleri gp. 

-? sp. (Lyd.) Denwa gp. 

Lacetitilta. Hyperodapedon, sp. (Hux.) Maleri gp. 
Dicynodon- Dicynodon orientalis. (Hux.) Panehet gp. 

tia. -sp. Panchefc gp. 

Plesiosau- 

ltiA. Plesiosaurus indicus (Lyd.) Umia. gp. 
BATRACHIA. Labyeintiio- Bracliyops laticeps. (Ow.) Mangli. gp. 

dontia. Gonioglyptuslongrosiris. (Hux.) Panchotgp. 
Pachygonia ineurvata (ilux ) Pancliet gp. 
Archcgosaurus (?) Ijijori gp 

PISCES. Dipnoi. Ceratodus hislopianus. (Old.) Maleri gp. 

-liuntevianns. (Old.) Maleri gp. 

-vivapa. (Old.) Maleri gp. 

^ Ganoiuei. Dapedius egertoni. (Syk.) Kota gp. 

Lcpidotus breviceps. (Eg.) Kota gp. 

-calearatus. (Eg.) Kota gp. 

-deceancnsis. (Kg-) Kota gp. 

-longicops. (Eg.) Kota gp. 

-pacbylepis. (Eg.) Kota gp. 

Tetra^onolepis analis. (Eg.) Kota gp. 

-oldhami. (Eg.) Kota gp. 

-rugosus. (Eg.) Kota«gp. 

(Scales) Sripermatiir gp. Kota gp. 

IV. ICHTHYOZOIC (PALAEOZOIC). 

Carbon i peso us. 

PISCES. GANOfDET. Sigmodus dubius. (Wang.) Salt-range. 

Ebasmoh- Poccilodus paradoxus. (Waag.) Salt rango. 
banchii. Psepbodus indicus. (Waag.) do. 

Helodopsis elongata. (Waag.) do. 

- abbreviata. (Waag.) do. 

Psammodus, sp. do. 

Petalorbyncus indicus. (Waag.) do. 
Xystracantkus gracilis. (Waag.) do. 

-major. (Waag.) do. 

-— giganteus. (Waag.) do. 

Tbaumatacanthusblanfordi. (Waag ) do. 

Abbreviations used in the above. 

• Ag. = Agassiz ; Dav. = Davies ; Eg. = Egerton ; F. and C. = Fal¬ 
coner and Cautley; Gmel. = Gmelin; Hux. = Huxley j I. = Irawadi 
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(Irrawaddy) valley, Burma; J. = Jamna; Less. = Lesson j Lyd. = 
Lydekker ; M. Ed. == Milne-Edwards ; Myr. = Herman von Meyer ; Old. 
*=» Oldham; Ow. = Owen ; P. = Perirn Island, gulf of Cambay ; Pent. 
= Penfcland ; P : Gr. = Pcm-ganga; Pet. = Peters ; Pom. = Pomel; 
Rut. = Riitimeyer; S. = Siwaliks (including Punjab) ; Sd. = Sind; 
Stol. = Stoliczka; Sy. = Sylhet; Syk. = Sykes; T. = Tibet; Thoo. = 
Theobald ; Waag. = Waagcn. 


Concmjsiox. 

In the foregoing sketch of the fossil vertebrata of India, but few 
new facts have been recorded, and, indeed, the main objects in penning it were 
the hope, firstly, of inducing persons interested in scientific enquiries to 
aid us in our endeavours to increase our knowledge of this interesting 
branch of science, and, secondly, of making one of those landmarks, so neces¬ 
sary in an ever-increasing subject like the present, from whence new 
advances can again be made. With regard to the first object, it may be 
observed that District Officers in India, and other officials, in the course 
of their periodical professional tours through the country, have far 'greater 
opportunities of collecting the larger and more conspicuous fossils than can 
possibly fall to the lot of the officers of the Geological Survey of India, 
who are few in number, and who, for years together, are not called upon to 
visit many parts of the country. To all who have opportunities of travelling 
through unfrequented parts of India likely to contain fossil remains, 
the appeal is here made for assistance in our endeavours to obtain a more 
complete knowledge of the fossil vertebrata of India. Any fossils sent 
to the Superintendent of the Geological Survey of India (Calcutta) will 
bo most gratefully received, and, after comparison or description, either 
returned to their owners, or, if presented, carefully preserved in the 
collection of the Indian Museum. 


Note .—Additions to this paper have boon made while it was passing through the 
press, bringing it up to date. 
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V.— Account of the Verification of some Standard Weights with consi¬ 
derations on Standard Weights in general.—By Col. J. F. Tennant, 
11. E., F. II. S., Master of Ilcr Majesty's Mint. 

(Reed. Jan. 5th;—Read Feb. 4tli, 1880.) 

When I first contemplated the verification of a series of weights from 
a primary standard, I had little information as to procedure, and indeed 
I have till now had little as to details. I had intended in this paper to deal 
with the verification of a whole series of ounce weights ; but circumstances 
beyond my control have delayed the latter portion, and.I think that probably 
this shorter paper will be as much as the patience of my readers will stand: 
in it are described, with examples, all the cases I shall meet; while the ex¬ 
planations will, I trust, enable any one to follow my procedure and some¬ 
how to verily any other set of weights. This end being gained, the delay 
of the paper to add the numerical results of farther work, would add little 
to its popular, or even scientific value, and this circumstance has induced 
me to offer it in its present state to the Asiatic Society. 

I am aware that I am. open to the charge of excessive (factitious) 
accuracy, and I freely admit that 1 have used an excessive number of 
decimal places; but the number was originally fixed by the fact that it caused 
no trouble and saved thought. The difference between the trouble of 
dealing with 5 or G figures and 4 with an arithmometer is, in my case, *nore 
than compensated by the absence of the absolute necessity of watching 
tbp increase of the last figure: and too, 1 had not, till I had gone some 
way with these weighings, so clear an idea of the probable errors as I now 
have. The systematic calculation of these is, so far as I know, new : 
it has*<!rtJght me much, and guided me where I might have gone wrong. 
I think that it should always bo carried out; but of course, the foundation 
of the calculation—the estimation of the probable error of one comparison, 
will not commend itself to all' men :—those who in other respects may 
follow my procedure may preior a different course in this, and, when the 
system of weighmeut is different, this datum must be determined in a cor¬ 
respondingly different manner. Even then, I hope, that tho conclusions 
I have come to may have their use, for the evidence they offer of the rapid 
accumulation of error in multiplying from a small primary standard, is quite 
independent of the amount ascribed to tho error of one comparison. 

I have added the Tables requisite in reducing the comparison of weights 
of varying density and in determining specific gravity. These are deduced 
from the same data precisely as those used in the British Standards Depart¬ 
ment, but I have employed Fahrenheit’s thermometer, the English inch, and 
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the English grain, because, to me, those units were more accessible (as they 
will be to most readers of the English language) and not because I prefer 
them. I have thought that it was more important to avoid conversions 
of the data before using them than to adhere to general considerations; 
just as (with the late Warden of the Standards) I have preferred uniformity 
of data for reduction; rather than a possible scientific accuracy, which is, 
after all, not demonstrably gained. 

Suction I .—On Weights. 

In May 1879, I received from England a set of Bullion Weights of 
gilt bronze, with their errors on the Commercial Standard of England 
roughly given, and a Troy Ounce of Platinum-iridium, with its error in va¬ 
cuo in terms of the* Parliamentary Standard Pound P S. I at the same 
time received a set of Metric Weights of Platinum-iridium from 100 grammes 
to one milligram, with their errors in terms of the Kilogramme des Archives, 
which is the Normal Standard weight of France. My paper here will bo 
confined to dealing with some of the Uullion Weights: arid it will bo neces¬ 
sary in order to understand the procedure I follow, and also the scientific 
principles of weighing, that I should give an account of the' English 
system of weights. 

Ordinary weights are made of brass, iron, or some other cheap metal, 
but all these are liable to oxidation, and thus none of these metals is suitable 
for a Standard. The metal chosen for the English Standard was platinum, 
which is nearly indestructible. Since then it has been found that, whereas 
platinum is soli, an alloy with iridium is hard, has the other advantages 
of platinum, and can be made with sufficient readiness for the purpose 
required: this alloy is used in my Primary Standards as it is in tho European 
Standards now being made in Paris. The use of such substances for 
Standard Weights, however, leads to some complication : tliec^ metals are 
heavy; while the metals and alloys ordinarily used arc comparatively light. 
Now the weight of a body in air is different from its weight in vacuo by 
the weight of the air displaced, and this varies with the state of the atmos¬ 
phere : consequently the relative weight of a pound of brass and one 
of platinum, which are alike in vacuo, will, in air, be found to vary con¬ 
tinually relatively to each other. In order to avoid the inconvenience of 
this, it has been found desirable that the Commercial Standard should bo 
of brass or bronze ; both of which, having nearly the same density as tho 
metals used in ordinary weights, will show the same differences at all times 
and places, with sullicient accuracy for commercial purposes; and which, 
moreover, are cheap enough to allow of the weights of all sizes being made 
of them. For general Standard purposes, weights are now made.of gilt 
bronze, the gilding preserving them to a great extent from changing by 
oxidation. r 
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As the Parliamentary Standard of England P S. has its true weight 
in vacuo,* the first impression would be, that the Commercial Standard in 
ordinary air should weigh the same as P S. in vacuo : but this has not been 
the practical solution. When the Houses of Parliament wore destroyed in 
1834, the English standards were destroyed in them, and the new Standard 
was meant to be a restoration of the old one. Now the old Standard 
was a brass Troy Pound made in 1758, of which there were a variety of 
copies more or less accurate. On the evidence from these, and some other 
sources, was determined the difference between the lost pound and a piece 
of platinum, both taken in vacuo. Then (the (lovernment of the day 
having determined that the new Standard should represent the Avoirdupois, 
and not the Troy Pound as before), a second piece of Platinum P S. was 
made which should weigh very nearly 7000 such grains as those of which 
the destroyed Pound (IJ) contained 5,7(50, both being taken in vacuo, and it 
is believed that the result was accurate to a very small fraction of a grain, 
thanks to the great labours of Professor Miller. In reverting to the 
Commercial Pound, that would be 7,000 grains of which U weighed 5,7(50, 
both taken in air, and then, as the density of the new commercial Pound 
was very close to that of U, all sensible uncertainty arising from the de¬ 
struction of U and the impossibility of knowing its exact density would 
vanish. 

Professor Miller found the Platinum Pound P 8. to he 700000093 
grains of U both weighed in vacuo, and by Act of Parliament, this was 
declared to be the true standard of weight, and that one grain shoulij be a 
seven-thousandth part of it. The Commercial Pound W was an imaginary 
Pound, supposed to bo made of brass of a density of 8*15031«, which was 
what Professor Miller estimated as the density of the lost Pound U. 
Though the standard in vacuo was changed, as above, by a minute quan¬ 
tity, j^rtflTld have been wrong to change the weight of W in air. In 
, order then that its weight in vacuo should become that of the Pound P S., 
it became necessary to suppose that this weight in vaeuof, and consequently 
its density, were changed, and to ascribe to it a new density of 81430. 

Tho present definition of the English Commercial Pound then is— 


* I have followed tho wording of my predecessors, hut 1 should prefer to call tho 
“ might in vacuo ” tho “ Mass” and restrict the levin “ might” to tho apparent iWeo 
exorcised. If this distinction wore made, the questions involved would ho much clearer. 


Tho Parliamentary Standard has boon treated as ono of Mass ; hence two of tho gilt 
secondary standards, each of the sumo Mass as P. 8., will not have ordinarily tho saino 
weight , unless they have tho same spccilic gravity. 

t Tho weight in vacuo was 7000 grains of U, and in consequence of tho Act of 
Parliament it became necessary that it should bo tho sumo as that of P 8. or 70U0-00093 
grains of U. 
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The weight in standard air of a piece of brass whose weight in vacuo 
is the same as that of P S., and whose density, compared with that of water 
at its maximum density (the brass being at the freezing point), is 8'1430. 

If we know the value of a weight in terms of P S , we shall be able 
to find its value in terms of W by adding the weight of air displaced by 
the same weight of brass similar to that of which W is supposed to be made, 
and deducting that actually displaced by the weight to bo determined. 

The Standard Platinum-Iridium ounce sent me is certified to weigh (in 
vacuo) 479 95979 grains in terms of P S., and the density has been assumed 
as 21'414, which is that of the 100 gram mo weight. In English Standard 
Air its weight is given as 4S000502 grains, but that datum is useless for 
purposes of roferenqp. It is called E I in the books of the Standards 
Office in London, and I propose to retain this name. 

The ounce weight of the bullion set was certified to weigh 480*00145 
grains in vacuo in terms of P S. and 480 00203 grains in English Standard 
Air in terms of W. 

The following matter must be borne in mind in order that the 
procedure in my weighments may bo understood: 

The sign = means that the weights on each side of it are equal in 
vacuo. 

The sign = means that these are equal in air at the time; and, in the case 
of Commercial Weights, that they are sufficiently equal 
for practical purposes at all times. 

The oign — means that the weights on each side being in the respective 
pans of the balance there would be equilibrium. When no 
division of the scale is mentioned as the resting point, it 
is assumed to be 10 for Oertling No. 1 and 15 for Oertling 
No. 2. 

O n is one of the sot of Gilt Bullion Weights—the subscript numbei denotes 
its nominal value in Troy ounces. 

P n is one of a set of grain weights which have been used for small quan¬ 
tities, and n is the number of grains nominally: all weights*** 
not less than 1 grain are of platinum and have been ©loaned 
by incandescence in a spirit-lamp. The tenths of grains 
are of aluminum and the hundreths of uncertain material. 
lt 1 and R 2 are two riders (approxinatoly of one-tenth of a grain each) used 
with the balance Oertling No. 1. 

The Tables I have used in my reductions have been calculated by my¬ 
self to the units of the Barometer and Thermometer scales commonly 
used in England, and which it was most easy for me to refer to. That 
for the density of air, has been calculated from the formula given by Pro¬ 
fessor Miller, in his paper in the Philosophical Transactions, with the neces- 
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sary changes for units, and for the position of Her Majesty’s Mint at 
Calcutta. The density of water lias been calculated from a formula similar 
to Professor Miller’s; but with the constants deduced from the new Tables 
of the British Standards Office. The other Tables, for the expansion of 
metals, arc deduced from the same data as those of Professor Miller, but the 
form makes them more compact and convenient without any loss of accu¬ 
racy. All will be found at the end. 

Section II.— The Balances. 

Oertling No. 1 is a chemical balance by Oertling with a beam 305 
m. m. (L456 inches) between the extreme knife edges. The principal 
knife edge is 28 m. m. (IT inches) long and the smaller ones 165 m. m. 
or 0 65 inches; all are of agate resting on agate planes. The beam is 
divided for the use of riders, and 1 have satislied myself that the divisions 
are sufficiently accurate for this purpose. The scale is placed on the lower 
part of the pillar, and is read by a long index attached to the centre of tho 
beam: this is in my opinion, tho best arrangement. 

Qertling No. 2 is a balance whose beam carries knife edges 404 m. m 
(15*9 inches) apart. The central knife edge is 38-4 m. m (li inches) 
long and those at the ends, 22 m. m or 0-87 inches. They are all of 
agate and rest on agate planes. The beam is very strong, and divided with 
sufficient accuracy for the use of a rider. There is an index of soft iron 
at each end of the beam to read an ivory scale. The left ■scale had very 
fine graduations and appeared to me useless. I have substituted rf better 
one and removed the right scale. 

Section III.— Density of O Set of Weights. 

In order to compare Oi with El it is necessary to have a density of 
Oj: «fcilSvc determined that of 0 3 and assumed it to be the same as that 
of O j and of the other O weights. 

It appears from the papers received from the Standards Office that 
0 3 s 3 Troy ounces == 14*40 grains with sufficient accuracy for this 

purpose, its ixact value will be seen later. 

On July 4th 1879, the balance Oertling No. 1 having been prepared 
for taking specific gravities, and a platinum hook, intended to support 0 3 
in water, having been hung by a tine wire of platinum so as to be immersed 
in distilled water; 0 3 was placed in the pan in air, and counterbalanced 
with weights. 0 3 being then placed in the hook, and all air bubbles care¬ 
fully removed, it was found that; X being about 1490-2 grains: 

X 0 3 in water (temp. = 81°. 1) + hook &c. in water + (0. a + 

R 

O -04 + O. 0 Q 5 + O.qo^) in air + 4. ^ a t 10 02 divisions of the scale— 
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then, removing 0 3 from water, carefully drying it, and placing it in the 
pan, I found after adding 180 minims of water 

X =£= 0 3 in air 4- hook &c. in water + 2 72 -^ 2 at 10*02 divisions. 

Hence the loss of weight apparently = 0. 3 4- O. 04 4- 0. m 4- 0. (X>t 4- 


1-28 



My approximate calculations gave me the sum of the above four 
weights as 167*5400 grains, and the value of the rider is approximately -^th 
of a grain, the difference from the true value being negligible. Hence the 
loss of weight between air and water was 167 5528 grains, and, though I 
did not observe the Barometer, it may be considered as 29*46, and the tem¬ 
perature 87°*5; this gives A 0 3 = 8 5649. 

Again on July 7th, I found in the same way. 

R 

(A) X + 5 — — 0 3 in water 4- hook &c. in water 


(B) X + 


-f 167*51 grains + 3 ^ at 13 30 Div. 

5 ~ — O a in water + hook &c in water 

+ 167*51 grains 4- 6 at 4*72 Div. 

10 


Temp. 

water 81*25 F. 


and, after adding 169 minims of water. 


B, 


(C) X 4- 5 i n air + hook & c - hi water 4- 7 ^ 

'10 10 


at 14*80 Div. 
Bar. 29° *445. 


(D) X 4- 5 ^ ^ 0 3 in air 4- hook &c. in water 4- 9 5^ at 8*35 Div. 

IU 10 ***** 

Temp. 85°*7 F.* 

Hence by interpolating between (A) and (B) 


Xf5 - 0 3 ill water 4- hook &c. in' water 

4- 167*5 Igrs. 4-4*14^ \ 

and from (C) and (D) 

X 4- 5-~ ^ 0 3 4- hook &c. in water 4- 8*49 


1 - 


Temperaturos 
Water 84°*25F. 
Air 85*7 

in. 

Bar. 29*445 


Thus the loss of weight was apparently 167*4965 grains, and A 0 3 = 8*5676. 
Giving this last result triple weight, on account of better observing, we have 
as a mean; A 0 3 = 8*5669: which may be considered the density for all 
the weights of this set; and which will not bo altered by the true values of 
the weights used, being substituted for the approximate ones. 
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Section IV .—System of Weighments. 

I have adopted a uniform system of weighment for comparing the 
weights. Some years ago I made a considerable number of experiments 
on the species of errors which occurred in practice, and the present system is 
the outcome: there have been minute deviations, but in all material points the 
procedure has been uniformly followed, and I think it has been successful 
in eliminating all progressive errors. The principal of these is the ten¬ 
dency of the arms of the balance to expand unequally with temperature, 
but there are others which have occasionally been found. I annex specimens 
of the form 1 have used in work. 

The weights to be compared being placed in the pans, a preponderance 
is given to one side of the balance ; so as to make the resting point, when 
the whole is in equilibrium, lie on one side of the centre point; yet so slightly, 
that the weight used to get the value of the scale, shall deflect the resting 
point to the otl*er side. In the first example with Oertling No. 1, it will 
be seen, that with El in the left pan and O t in the right, the Eight llidcr 
was placed at 1*2 of the beam scale; in this state the index had its 
resting point at 7‘51 divisions (10 being the middle). Then the weight 
P. ol was added to the left side and the resting point became 15 81 Div. 
Each resting point is deduced from 4 readings, two low and h , and 
two high h v and h. ? . The beam having been carefully released, the 
first excursion outwards, and the return towards the scale centre, are neglec¬ 
ted ; and the next four readings of the extremes of oscillation taken*. The 
first reading will thus usually be low, if the resting point below ; and high, 
if that be high: but, when signs of irregularity occur, this may not be the 
case, as I have always, in such cases, freely omitted readings till the oscillations 


i\ ~h 2/q + /g 
1 


and 


hav^be^^fho regular. Then, supposing a low reading first, 

vvould bo readings of the resting points, and the sums in the nu- 

> 

merators have been rapidly formed separately during the work, added, and 

divided by 8. This has been afterwards checked by ^ ^ : 

o 

of course, when h comes first, the h's take the place of the Vs in these 
formula?, and vice versa. 

' We thus have two “partial weighments ” 

El O x + 1*2 ~~ at 7’54 divisions and 


10 

El + P. 01 a 0 1 + 12 


10 


at 15'81 divisions 
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from which I 
El =£fe Oj -f 


get, by interpolation, as a result of the “ weighment ” 
Rg „ 2-46 „ . . „ K 

1 A 


1*2 


— P.„i' at 0. 


I2.0>7 


+ 1'2 --0*297 P. 


oi 


The second weighment is made after the weights are interchanged in 
the pans and the result deduced the same way. These together make one 
“ comparison and then a second comparison is made, every operation being 
followed, but precisely in the reverse order, to make a “ complete compari¬ 
son The result of the four equations when summed is 

4 El £5 4 0 1 + 0191 P. ol or 
Els Oj + 0 04775 I\ 01 

The interpolations are made with sufficient accuracy with a slide 
rule. # 

In all the comparisons of the O set and P set, except those of El 
with 0 la which wero made with the balance Oertling No. 1, I have used 
one of the riders (the right) to add a constant weight to one side and 
the other in variable positions. Assuming that the rider can bo accurately 
placed on the divisions, aud that these are sufficiently accurate, it seems 
to me that I may safely use the rider in this way, and that the error of 
determination of the weight of the rider will thus be of less importance 
than that of a small weight. 

In the case of the very small weights I have added the weight P 24 to 
one pan, and P to the other, in order to steady them, with great ad¬ 
vantage. 

c 

Section V. —Determination of O lt in terms of the English 

Commercial Pound 


I have beforo mentioned that I have received as a Standard a Troy 
ounce of Platinum-Iridium, whoso weight in terms of the Parliamentary 
Standard Pound P S. is 47995979 grains of PS.; and I have i-iplained 
the relations between the English Standard Pound and the commercial 
Pound. In order that I may determine the errors of the Bullion set of 
Weights, it is necessary that I should determine 0± in terms of the English 
Commercial Pound : I have it is true the determination made in London, 
but it is necessary to verify this, not only to make the standard of weight 
now, identical with that 1 should got again, but also because the gilt 
weights may have slightly changed in the long voyage. 

The Barometer I have used is an Aneroid Barometer by Brown¬ 
ing, which I have found give corrected Barometer readings without 
sensible error. I have, except in the first comparison, used two Ther¬ 
mometers which wore examined for me some years ago at Kew, and 
whose zero point I have recently re-determined: these were suspended in 
the balance case of Oertling No. 1, so as to hang about half way between 
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the pillar carrying the central plane, and the suspensions of the scale pans. 
The Humidity' has been deduced from a new Masons Hygrometer : I have 
not the errors of its Thermometers, but they aro modern, and not likely to 
have any producing sensible corrections to my result. 

The following is a specimen of computation for the comparison of FI 
and Oj which is entered in the typo form ; in it, v El = volumo of water 
at its greatest density which is displaced by El at 32°. F. 


it therefore = 


tot. El 470-95079 


similarly « = 


AEI 21-414 

479-99700 
8-5009 


= [1-35051] 


= [1-74842] 


May 24th, 1879 a. m. 
Commenced at 6 h. 48 m. 

O 


Ended at 7 h. 33 m. 

O 


Dry Bulb 85 9 F. Dry Bulb 85"4 

Wot do. 810* Vai , mu . Xoilsiim Wot do. m 1 Val)0ur Tc 

IJifE. 4-9; 0 993 5 3 j 


nsion 
0-900 in. 


xn. 


Mean of Thermometers 85"5 Mean Red. Barometer 29 005 
Correction 0 - 00 0 189(0-993 + 0-900) =0-309 

Mean Temperature S5-50 h. = 29 230 log 1-46592 

log At (Tab I.) 5 59005 

705597 . 7-05597 


log v El . 1*35051 


log v O, ... 1-74842 


(Tab. III.) log(l + E Ft) 0 00035 (Tab. III.) log (1 + E B t ) ... 0 00060 

Airdi^.-wSl.yEI) , = g.^iSS Air ] log = 8-80505 

= 0 025517 grs. j = 0 063834 grs. j 


gx-ams. 

Weight El in Jfacuo = 479 95979 of F S. 
Air displaced = — 0-025517 

El = 479-934273 

Air displaced by O x = + 0-063834 

O x = El — • 0-000475* 


0 , 


= 479 997632 


In section IY, I found B* = 0* + 0 4775 r. 01 and (Sec. YI) P. M - 0-009947 grains. 
7 
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Abstract of Comparisons. 
1879 May 24, O x = 479 997032 P S. grain. 
„ 28, „ -997489 „ 

„ 30, „ *996732 

„ 31, „ -997266 „ 

„ June 1 , „ -996911 „ 


Mean Oj = 479 997206 ± 0 000115 P S. grains. 


I havo received, from the Meteorological Reporter to the Government 
of Bengal, the following mean data for Calcutta which 1 take as the defini¬ 
tion of Standard Air, 

in. 


Reduced Barometer,... 


29-787 


Temperature, 


790 F. 


whence A A„ 
= 7.06510. 


Humidity,. 07G percent. / 


Hence I have weight of O x = 479 997206 grains of P S. 
Deduct displaced Standard Air = — 0-065178 
Add Standard Air for T Vo ? o-W = + 0-068571 


O x = 480 000599 grains of English Com- 
-mercial Pound. 

This value differs slightly from that sent me and which I have quoted 
before. 

Section VI.— On the determination of the errors of single weights. 

In the interval between O x and O 10 there are, in all English bullion sets, 
■weights 0 5 , 0 4 , 0 3 , and O .,; so between O 10 and O 100 come O 30 
and O 50 , and so on. w 

Between these weights we may make comparisons giving the following 
equations: 

0 1(J s 0 6 + Oj, + O x + ± o (a) 

s 0{ + 0 3 + 0 3 4- ± e (b) •'* 

s 0 ,j 4 - 0 3 + 0 2 4 - O x 4 - + e (c) 

0 5 — ^4 + Oi 4- # 3 + o e being the p. e. of one com- 
0 6 = 0 3 -j- 0 2 + + o [parison. 

0 4 = Oj 4 - O x + + e 

0 8 ~ Oj 4* Oj + a? 6 + e 

Hence we have 0 3 =s 2 O x + a ? 4 — <r 3 4 - # s ± e 

0 3 as 3 Oj 4- 4- — *3 4- # 3 ± e y/4t 

0 4 es 4 Oj + d? 6 4- 2a? 4 — ± o \/7 

0 6 ss 5 Oj 4* ^6 + 2fl? 4 — 2# 2 + e \/10 
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^ =3 10 Oj + 2a? 5 4* 4o? 4 — 2a? 3 + Sa? 3 -f x x ± e y/%4> from («) 

^ 10 j = 10 0 1 + 2a? B 4- 4a? 4 — 3a? s + 4a? 2 4- a?/ ± e y/46 from (6) 

\ = 10 Oj 4- 2a? 6 4- 4o? 4 — 3a? 3 4- 3a? 2 4- a?/ ± e s /39 from (<?) 

which equations give the ascending scries; and it is important to note, that 
if the probable error of the observations be alike, there is a disadvantage in 
using any comparison but (a), and that even if ( b ) and (e) be 6bscrved as 
checks, they should not be used in computing, as they will lower the weight 
of O 10 , on the accuracy of which we arc dependent for continuing the up¬ 
ward scries; thus the mean value of O 10 from (a) and ( c) will be 

O 10 = 10 Oj 4- 5 (4«a? r , 4- 4<a? 4 — 5 j? ;$ 4- Ga? 3 4-^4- a?/) ± o y/- 1 * 3 
and if the series (b) had been involved the loss of probable accuracy would 

have been greater. 

Next as to descending or decreasing series from W M . 

1 st. Descending through («) 


0, = A 0/ 0 4- 



± c \/ 


n 
l u 


O* s A 0 j o 4- to (2* 0 + 4a\, — 2a? 3 — 2a? a — 4a?,) ± e y/{-£ 

O s = A 0 10 4" to (4a ?5 2a?,. — 4o ? 3 4~ x 2 3a?,) + e y/j'-g 

0 3 = to Oio — to (4* B — 2a?,. 4- 6a?, — 4a?, 4- 2a?,) ± e v/fg~ 

O, — To ^io To ( 2 * B 4” 4a? 4 2a? 3 4~ 3o? a 4~ a?,) + c 

■Again descending through (5) 

0 B m A 0 10 + i (a? 3 — a?/) ± e y/?{|- 

0 4 = A O lo + tV (2* h 4- 4a?, 4- 2a? 3 — Gj? 2 — 4a?/) ± c \ZflT 

0 3 s 4 % O lo 4- A ( 4 * b — 2o? 4 — a?, — 2o? a — 3a?,') ± e. y/|i[ 

0 10 — 4 ^ (4a?„ — 2a?,. 4- 4a?., — 2d?, 4- 2a?/) ± e y/-J^ 

O, =t%0 10 — /o (2a? fi 4- 4a? 4 — 3a? 3 4- 4a?, 4- d?/) ± e y/$f. 

Also descending through (<?) 


O 0 = A P 10 + 


x. 4- x. 


a?. 


2 


± e v'A 


0,3 1^0,0+^ (2*5 + *** + 2a? 3 — 2a? a — 4a?,") ± o y/^- 


0 3 = A O lo 4- i\> (4*6 2a? 4 


*, 


+ a?, — 3a?/) ± o \/-n 


O, 3^0,o- A ( 4 *s _ 2a? 4 + 4a? 3 — 4a? a 4- 2a?,") ± e y/-f{{ 
O, a A Oio ~ To (2*5 + 4** — 3*3 + 3*5 4- */) ± e yZ^T 

If we were to be guided here by the same consideration as before, wo 
should absolutely prefer the use of series (a) alone, but it is easy to see, 
that as the probable error of O x involves only A of that of O 10 ; the 
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determination of its weight will be almost entirely dependent on the error 
generated in the comparisons of the group* of the series, and not on that 
derived from the starting weight: this renders the choice less important. 

As a matter of fact 1 have worked both through (a) and (b) taking 
the mean result and in this case. 

0 B ss ^ 0 10 + l (#, + a? a + a? t + a?/) ± o \/ 15 - 

0 4 35 to 0 10 + (4a? 8 + 8a? 4 — 8a? a — 4a? x — 4a?/) ± o y/\ ‘ 

0 3 = 0 10 + (8a? „ — 4a? t — 5* 3 — a? a — — 3*/) tcy/ ?*- 

O a = To °io — Vo (8« a —+ I0x a —Gx a + 2x x + 2x/) ±q\/ ?o- 

O x = To °10 “ Vo (^ x n + — 5x a + 7 x a + + *,') ± G s/ riJ- 

My choice was a* matter of accident, but it turns out that the sum of 
the squares of the probable errors of all the deduced weights is less than for 
any one of the single series. 

The other system of weights, which I have in this paper slightly to 
deal with, is what I shall call the “ English grain system .” In it the weights 
interpolated between 10 and 1 are G, 3 and 2. Thus starting from either 
end of the decad there are four weights to be derived; but among these 
weights alone, only three equations can be obtained. 

r,„ = f J 0 + ^*3 + ^*1 + X \ 

P 0 = P 3 + F b + + x a 

P 3 = \\ + 1\ + x n . 

To make a definite resect the best plan is to use a second P x called 

P/: P. t + P. a -f P. x from the next lower decad height be used but the 
equations would not be independent for the separate decads. 

P, = P x + IV + and i\ = P/ + * B 
and we now have 5 equations to determine 5 quantities, and tb& result is 
definite. Of course by substituting P\ for P x , we can get 3 more equations 
like the first three, but the labour would be increased, and the result would 
still be definite, though slightly more accurate, especially as regards the 
spare weight P/. 

From the equations we have; in ascending (increasing weights) 

P/= Pi — ± c. 

P a = 2 1\ — + X* ± e \/2 

P s = 3 P x — x a + as 4 + x 3 ± e \/S 

* I use the term decad to include tho weights from O'l to 1, or from 1 to 10, &c., 
the last being ten times the first; and a group of equations consists of those connecting 
the weights of a decad. 



1880.] 


J. F. Tennant— On Standard Weights. 


53 


P 0 = GPj — 2a?„ + 2x t + # 8 + ± e \/l0 

P 10 = 10 P L — 3a? B + 3a? 4 + 2a? a + a? a + a?i ± e ^24. 


While descending, we have 


p = .«_ p 

1 0 1 o 1 io 

p = -A- p 

A 3 10*10 


To- (2« a — 2a:,. + 2a? 3 — 4a? a + Ga:,) ± 0 f */ ? j$ - 
TO" (*» — —4a’ 3 + 3a? a + 3a,) ± o '*/?& 


P a = to P 10 — lo (4* 0 — 4a, + la; 3 + 2 a; a +2*,)±c x /jj 

P! = -jV P 10 + To- (&» B — 3x, t — 2a 1 3 — a? a — a’,) ± 0 \Z-j> 

Px ,= = To I\o — i\j (7a? 0 + 3a 4 + 2a’ 3 + a? 2 + a-J ± e \Z-Si- 


Section VII. • 

I now proceed to the determination of the actual values of the weights 
below 0 1 , and of the 1* set, in commercial grains. The equations have all 
been determined in terms of the rider R t , in the balance Oertling No. 1, and 
they are given iiP this way. Of course the whole of the computations were 
made with this unknown factor, but it has boon determined (see page 5G) 
and tht) value has been substituted in the results to save repetition. 
The differences between the two determinations of the constant term in 
each equation are given, and from them is derived a probable error of one 
equation. I had intended that the observations in each decad should be 
separately valued, but when that is done the results are so nearly alike 
that it seems unnecessary to adhere to this. The mode of determining the 
probable error of each weight is the subject of the next section, but the 
values are given in this. 

Value of Weights of Wset below W t with Balance Oertling No. 1. 


Thave here the following equations : 


0, so.. 

+ o. 

+ 0., —0-2133251*3 

Difference 

— 

2G00 

0, ssO., 

+ 0-3 

+ O ia — 0-238825 „ 

99 

— 

1450 

0.. s0. 4 

+ O-i 

— 0 001800 „ 

99 

= 

350 

o.„ sO? s 

+ 0. a 

— 0124325 „ 

99 

= 

500 

0.. so.. 

+ 0., 

— 0 002913 „ 

99 

— 

825 

o. s so.. 

+ 0.3 

— 0011113 „ 

99 

= 

275 

O.3 = 0-0 5 

+ o. 04 

+ 0. 01 — 0 033200 R 3 

Difference 


200 

0*1 S ^‘011 

+ 0. 0 3 

+ 0. oa —0 012213 „ 

99 

— 

2925 

^•0 5 S O'O* 

+ o. ol 

— 0 020938 „ 

99 

— 

475 

O'Orn “^'08 

+ o. oa 

— 0 032138 „ 

99 

— 

1475 

o. 04 — o. 03 

+ o. 01 

— 0-030838 „ 

99 


775 

0‘n * 0. n , 

+ o? 01 

— 0*035763 „ 

99 

= 

475 



54 J. F. Tennant —On Standard Weights. [No. 1, 


0>oi = 005 00*4’^'OOl 

— 0*012263 R r 

Difference = 

425 

^•oi = ^‘oon ”1“ ^'ooa "hO*ooa 

— 0 021500 „ 

if = 

150 

^'005 — ^‘001 *4* 9*001 

— 0 076903 „ 

a ~ 

1625 

9’00« — 9-003 *1“ 9-00i 

— 0 015813 „ 

99 ~ 

1725 

9 oo4 ~ O’ooa + 0 001 

— 0 040638 „ 

99 = 

675 

9* 0 0 8 ~ 9-001 “H 9-001 

— 0 093775 „ 

99 ~ 

100 

9-ois s 9- 0 , + 0. OOB 

— 0.0L6100R, 

Difference = 

200 


From these equations I deduce 




grs. 


grs. 



o. 0 

= 

240*000300 + 0*056006 

H 

III 

240*005927 

p. e. = 

0*000064 

o.. 


192*000240 + 0*127762 

99 S 

192*013070 

99 

0*000060 

o. a 

— 

144*000180 + 0100631 

99 = 

144 010290 

99 

0 000047 

0. 9 


96*000120 + 0*081700 

99 = 

96*008328 

99 

0*000048 

0. x 

= 

48*000060 + 0 030014 

99 = 

48*003078 

99 

0000037 

O' 0 5 

= 

24*000030 + 0*020606 

99 = 

24*002 LOO 

99 

0*000033 

0. 04 

= 

19*200024 + 0*015988 

99 — 

19*201630 

99 

0*000040 

0 03 

= 

14*400018 + 0*021269 

99 = 

14*402155 

*1 

99 

0*000033 

O-oa 

— 

9*600012 + 0*031475 

99 = 

9*603180 

99 

0*000012 

0- 01 

== 

4*800006 + 0*025537 

99 = 

4*802574 

99 

0*000035 

O*ooo 

= 

2*400003 + 0*030932 

99 = 

2*403111 

99 

0*000033 

0.004 

33 

1*920002 + 0*065201 

99 = 

1*926559 

99 

0*000040 

O'OO 3 

S 

1*410002 — 0*018011 

99 = 

1*438193 

99 

0*000033 

0'oOfl 

5 

0 960001 + 0*033130 

99 — 

0*963329 

99 

0 000042 

O' f,*o 1 

— 

0*480001 + 0*042034 

99 ~ 

0*484284 

99 

0*000035 

0*oa o 

— 

12*000015 + 0 036101 

99 = 

12*003642 

99 

0 000077 

The two largest weights P 2i and P* 4 ' 

of the P set 

are each 

i approxi- 


mately equal to 24 grains and their sum is of course nearly = 0. x but 
they are of platinum while O. x is of gilt bronze. Small as these are the 
errors cannot be neglected when accuracy is required. The purpose of 
the determination being mainly to get the values of the small weights of 
the P set with accuracy so that they may be used to determine differences, 
it is enough to correct the value above given of O. t so that the deduced 
value of P- 94 + P 9 * 4 may be the same as if the comparison had been 
made in standard air. For all ordinary purposes the resulting values of 
these weights may be used without correction. 

I have found that 48 grains of platinum would weigh less in my 
standard air than under the circumstances of the observation by 0.000063 
grains. Also O x = P 94 + P 9 * + 0*050238 R x . 

grs. 

The value of O n is s 48*000060 -f 0*030044 R t 
in actual air P 94 + P 9 * 4 == 48*000060 — 0*020194 R x 
and the correction to standard air is — 0 000063 
Hence in standard air P 94 + P 9 * 4 47*999997 — 0*020194 R t 
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I shall for convenience write M for 47-999997 grains and place the equations so far as 
they aro necessary to determine the weights down to Pi in a form suitable for use thus— 


P 4- P* 

a * ' L «4 





Diff. 



— M + 0-020194 R, 

a 0-275 

R 


— 0 006438 „ 

a 0475 

II 

Pa 

—0 012913 „ 

=3 0-1125 

II 

"Pi 

+ 0-000125 „ 

a 0.650 

tt 

“Pa 

+ 0010138 „ 

s 0-900 

tt 

"Pi 

—0 008500 „ 

= 025 

St 


— 0.018400 „ 

a 01700 

St 

“Pi 

—0 00*4813 „ 

s 0-775 

II 

P. “ Pi 

. + 0-018908 „ 

= 0 375 

19 

P — P 

L a J i 

+ 0 015463 „ 

s 01075 

II 

H.-Pi- 

-PV 0 009388 „ 

= 01175 

II 

Pi- 

-IV- 0-005838 „ 

3 01275 

II 


^ have tried various ways of dealing with those equations but, when 
the probable errors are wanted, the method of least squares is the easiest. 
I thus get— 

grs. grs. 

P at = 23-999999 — 0 006997 R t s 23-999296jj. e. = 0 000042 


P * 
x 24 

= 

23-999999 — 0 003185 „ 

3 23-998679 

II 

0-000042 

P.0 

3 

19-999999 — 0 014515 „ 

= 19-998541 

>1 

0 000050 

Pi. 

3 

15-999999 — 0 006007 „ 

= 15-999396 

1) 

0-000049 

Pzo 

3 

9 999999 — 0 009026 „ 

3 9-999092 

II 

0-000043 

p. 

= 

6-000000 — 0015531 „ 

= 6 998440 

II 

0-000013 

p 3 

—• 

3 000000 — 0 006360 „ 

3 2 999361 

>1 

0000035 

p * 

X 2 


2-000000 + 0001371 „ 

3 2-000137 

» 

0000050 

Pv 


1-000000 + 0-008077 „ 

a 1-000811 

II 

0000039 

P'x 

= 

1-000000 + 0-002161 „ 

3 1-000247 

II 

0 000043 

• 

Further P x 3 P. 0 + P. a + P.j 

+ 0-000038 R t 


Diff. 725 R, 


• 

P. a = P* 3 + P* a + P-x 

+ 0-005525 „ 


» 0 „ 



P-3 3 P. a + P M 

— 0 004675 „ 


„ 500 „ 



P. a 3 P. t + P' (1 

+ 0 006963 „ 


» 1325 „ 



III 

»-■ 

+ 0-005813 „ 


.i 525 „ 


grs. 

Whence P. a a 0-600000 + 0002673R x a 0-600269 p.e. = 0 000050 
P. s a 0-300000 + 0 005647 „ = 0 300567 „ 0-000035 

P. a a 0-200000 + 0 002832 „ s 0 200285 „ 0 000042 

P. x a 0-100000 + 0-000842 „ a 0-100085 „ 0000028 

F., a O-lCOOOO - 0 004971 „ a 0 090501 „ 0*000045 
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By weighing the riders against the nearly equal weight P. x I have 
R, == P. x + 0 003813 R a Diff. 425 

R a = P. x + 0 000375 R x „ GOO 

Substituting successively for the value of R x , of P. x , and of R. 
we get 

grs. 

R x se 0.1003814 + 0 000817 R, = 01004GC grs. p. e. = 0 000002 
R a s 0 100000 + 0 001217 R x = 0-100122 „ „ = OOOOOG2 


Also— P. x 

— P* o « "b 

P. oa + 0*089038 R a 

Diff. 

825 

p 

A '0» 

= P. oa + 

l\ oa + 0*104750 „ 

79 

1550 

P' 0 3 

= P 

- ■‘■•OS 

+ 0*105075 „ 

79 

900 

P-ox 

~ • 

0 09913S „ 

77 

137 


Whence P. oa = § P., — 00594G7 R a = O*0G07G9p. e. = 0 000017 
P. 03 s i P. x — 0 029571 „ =0 030400 „ 0 000031 

P. oa = J P. x — 0134G4GR x = 00198S1 „ 0 000047 

P. Q1 = 0.099438,, =0 009950 „ 0*000056 

Section VIII .—Determination of the probable errors of the values of the 

O and P sets. 

In Section VI, I have shown that if the probable error of the constant 
terms in the equations of a group be known, we can determine the probable 
errors of the determinations in the group, so far as they depend on it: and 
we have now to consider what may be taken as the probable error of one 
determination. 

Each coefficient of R is derived in the preceding work from two 
determinations which rarely agree. Tlio differences are noted in terms 
of the 6th decimal place of the coefficient. If we were certain that the 
true values of the constants lay between the determinations, then, calling 


the difference of the two 2a, we should have 


2 a 
n 


— the mean of errors 


a 


and p. e. of an equation = o = 0*8 151 ; but this value is clearly too 


small; because, if the occurrence of positive and negative errors bo equally 
probable, then there is an even chance that a fourth of the values of 2 a 
will be the difference and not the sum of the two actual errors. 

I prefer therefore to use the formula 


mean of errors = 


2 v 


%/ m (in —1) 


comparisons 
and probable error = 0*8454 


: m being the number of completo 


2 v 


\/m (in —1) 

applying this to any one determination we shall have its probable error 


= 0*8454 


2 a 


V2*i 


= 0*8454 y/2a = 1*1955 a 
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Of course this is a very uncertain estimation, but we have a good 
many such equations, and the mean of the values may I think be taken as 
the fairest estimate. If then fi be the number of equations, I take 

)). e. of any one determination is 1*1055 — " • 

The group of equations determining the P weights would givo the probable 
error from their residuals; but, there being only 12 equations to determine 10 
quantities, I do not think this is so satisfactory as the above method; and I 
have used, for evaluating the errors in them, the weights of the results, 
deduced as usual, combined with the p. e. of an equation derived as above. 
Assuming that we may neglect the difference between the values of Jt, 
and lt a in these differences, we have 41 values of 2 a* and it does not seem 
that thero is any marked tendency to decrease with the weights: I therefore 
take the mean of all and I get 

—- = 403*53 It ». e. = 554*10 11 = 55*051 = c of Section VI 
n 


in which It is taken 0*100401 = 


30 11, + 5 lt a 
4L 


Hence c a is 3007*0 

The probable error of any determination as of that of 0. 03 for in¬ 
stance, depends:— 

1st on tho amount arising from its own group. 

2nd probable error of the value assumed as known: in this case O., 

3rd on the probable error of tho rider which was employed in taking 
the difference of weights in tho pans. 

Lastly O, itself has its probable error 0 000115 grains from the deter¬ 
minations ; but there is also a portion dependent on l\ u ,, which is involved 
in determining the difference between it and El, the mean factor of P. 0 , 
being 0*0877. It is necessary, therefore, to start our evaluations with 
values of the probable errors of E, Il a and P. ox ; and, fortunately, these 
are readily determined. 

Let E he the e. of P., from all sources except It, 
e as before tho p. e. of one determination 
e th q p. e. of It, 

It will be seen from the table of deduction of probable errors that the 
value of E a is 758*2 and that it involves nothing unknown. 

Hence (p. e. It,) 2 = c 2 

= (1*003813) 2 E 2 + (0 000842) 2 € 2 + e 2 
= 764*0 + 0 0000007 « 2 + 3097*0 = 3861*0 

\ _ 

.*. c = 0*000062 = — y/ 3861*0 


8 
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again p. e. R 3 = -y/E 3 + c 3 + 0-000375* e 3 = y/38610 = OOOOOG2 

p. e. P. 01 =y/e a + 0 099138 3 (li 2 ) 2 = y/3135 2 = 0000056 


Determination of Probable Errors. 



Squares 

of Probable Errors 

(unit is 6th decimal place). 

Probable 

error. 

From 

group. 

From 

preceding 

groups. 

From 

EL 

From 

Kr 

From 

p 

A * 0 1 * 

Total. 

0, 

• i • 

at* 

132250 

• ■ • 

241 

132491 

0000115 

o. 8 

774-3 

• • • 

3306-2 

121 


4098-6 

64 

O., 

1362-7 

• ■ • 

211G0 

64-2 


3546-3 

60 

o. 3 

9601 

• • * 

1190-3 

411 


2193-7 

47 

o. a 

1734-3 

• • • 

5290 

25 7 

1-0 

22900 

48 

0., 

1207-8 


132-3 

3-5 

0-2 

1343-8 

37 

o. 05 

774-3 


331 

1-6 

01 

11110 

33 

O-o, 

1362-7 

193-2 

21-2 

10 

99 

1578-1 

40 

0. os 

9601 

108-7 

11-9 

1-7 

99 

1082-4 

33 

o. 02 

1734-3 

483 

5-3 

3-8 

99 

1791-7 

42 

0. 01 

1207-8 

121 

1-3 

2-5 

99 

1223-7 

35 

^■oo« 

774-3 

3050 

0-3 

3-7 

99 


33 

^'004 

1362 7 

195-2 

0-2 

164 

99 

1574-5 

40 

^•oo 3 

9601 

109-8 

01 

1-2 

99 

1071-2 

33 

^■ona 

1734-3 

48-8 

01 

4-2 

99 

1787-4 

42 

O.001 

1207-8 

12-2 

99 

70 

” 


35 

O-oa o 

30970 

2861-9 

8-3 

19-8 

99 

59870 

77 

P 

- 1 - a 4 

1447-5 

301-9 

331 

0-2 

01 

1782-8 

42 

# 

■*- 2 4 

1447-5 

301-9 

331 

99 • 

01 

1782-6 

42 

p 

x 20 

23106 

209-7 

22-9 

99 

99 

2543-2 

50 

P 

1 lfl 

22292 

1342 

14-7 

01 

99 

23782 

49 

Pxo 

1806-4 

52-4 

5-7 

99 

99 

18G1--5 

43 

Po 

1481 

18-9 

0-9 

0-5 

99 

168-4 

13 

Pa 

1245-2 

4-7 

05 

01 

99 

1250-5 

35 

^a 

2541-5 

21 

0-2 

99 

99 

2543-8 

50 

P, 

14905 

05 

99 

0-3 

99 

1191-3 

39 

P'x 

1836-0 

05 

99 

99 

99 

1836-5 

43 

P-o 

2601-5 

5369 

99 

99 

99 

3138-4 

56 

P-3 

1114-9 

134-2 

99 

99 

99 

12491 

35 

P-a 

1734-6 

59-6 

99 

99 

99 

17942 

42 

P-x 

743-3 

14-9 

99 

99 

JH. 

758-2 

28 

P'x 

19821 

149 

99 

» 

99 

19970 

45 































1880.] 


J. F. Tennant —On Standard Weights. 


59 


Also p. e. P. oa = \/ 2064-6 +169 5 + 1SK» = ^2247*7 = 0000047 

p. e. P. n , = - 1032 3 + 812 +lF3 = 1 = 0 000034 

r 03 10 ° 10 " 

p.e. P o a = } 20(510 + 81-2 + 70 0 = - v / 221S r 8 = 0 000047 

* * 10 ° 10 ° 

Section IX.— Determinations of the Weights O a to 0 10 and also Prinsep’s 

Bronze Troy Pound. 

The comparisons of the weights from 0 2 to 0 10 have been made with 
the balance Ocrtling No. 2. Three complete comparisons were made in 
each case, and the weight P. 03 has been always useit for valuing the scale. 
I have deduced the following equations of condition:— 

gra. 

0 ;4 =O a +O x -0-37200 P. 03 = 0 2 -|-0 1 0 000000-0-37200P. 03 
O,. s0 3 + 0 1 H ; P. ofl +0-74512 P. 08 = 0 3 +0, +0 060769+0-74542 P. oa 
O B =0+0+1'., + 0-37807 P. 0 ., = O 3 + O a + 0-100085 + 0 37807 P. 0 3 
Sp, + O, + P.o a + 0 00407 P,„ 3 0+0 + 0019881 + 0 00107 P 03 
0 10 »6.+0 1 +0 l —P. 4 - P.„. + 0-45712 P. oa ^O+O+O,- 

.0100854 + 0 15742 P. oa 
Whence I deduce by the Forum!;u in See. VI. 


O a = 20,+ P .„ 0 + P-„a — 

P.,+0-97142 1 

> 

•o a 

, s 960 011291 

grs. 




p. 6>.= 0 000757 

99 

0, =30,+ P .-„ + P .„ a - 

P.,+0-59942 

99 

= 1440000584 

99 




p.e .=0 000900 

99 

0, B 40,+2P. ot + P. 02 — 

P., + 1-31184 

99 

= 1920 084613 

99 




p. c. =0-001191 

99 

0„ B 50, +2 P. 00 + 2P. 03 — 

P., + 1-91951 

99 

~ 2400-123435 

99 

• 



p. e .=0 001438 

99 

O l0 =10O 1 +3P. O8 +3P. 0> — 

3 P., + 375167 

99 

= 4800061736 

99 




p. e. =0 002795 

99 


In the last Section, I have given a general formula for finding a 


probable errdt of observation. In this case, I have % (o) =3911-2 — ^ 5 3 -, 

whence the probable error of one equation of condition will be 

oq 11.0 p 

= 0*8454 1 —= 0000113-5 
\/ 3-2 10 ° 

The probable error of each determination of a weight depends— 

1st, on its error derived from O, of which it is nearly a multiple, 
2nd, on the error derived through the weights of the P set used to 
nearly counterbalance, 
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3rd, on the error due to the fraction of P. 03 which is involved in 
its determination, 

4th, on the error generated in the weighings of the series. 

The following Table shows the error from each source separately. 


Weights. 

Squares of Probable Errors from 

Probable 
Error x 10 6 . 

Ox 

Equil. 

Weights. 

I’-os 

Woighments 
of Scries. 

Total. 

o a 

52900 

5225 

1179 

514116 

573420 

757 

o. 

119025 

c 5225 

410 

6S518S 

810187 

900 

0* 

211600 

11968 

2259 

1199600 

1425127 

1191 

0 5 

330625 

18624 

4747 

1713720 

2067716 

1438 

Oxo 

1922500 

47022 

47581 

5826648 

7813751 

2795 


In making these calculations, I have neglected to attend to the fact 
that the P weights used have a common origin ; the sum of the squares 
of the probable errors given in the Table at the end of Section VIII 
is taken, and here (as will be seen by turning back) the error from their 
common origin O. t is unfclt, but this is not always the case. 

Among the weights in the Assay Office is a bronze Standard Troy 

Pound in a wooden case, on which case is stamped 

O 

is written 

J. Prinsep. I 
Std. 1 Ih j 

On the weight itself is engraved— 

British Troy Pound. 

— 5760 grains. 

JSlognl fHint. 

The surface of the weight is thinly oxidized, but it seems to be quite 
uninjured. I some time ago compared it, as well as I could, with the 
weights of the Gilt Troy set belonging to the Assay Office, which were 
supplied many years ago, and which wore made by Bates in 1821. No 
record of any previous comparisons of these exists. The conclusion I 
came to was, that Prinscp’s Troy Pound was about a mean of all the Gilt 
Pounds, the latter weights having sensible errors. I have then thought 
it worth while to determine the value of the Prinsep’s Pound, and I find— 
Prinsep'8 Pound = 0 10 + O a + P a + P. 0 i — 0*487 P. 03 
s= 5760*148354 grains, 
from a single complete comparison. 


C J. FIELD 7 
[ Fflcit ) ’ a 


and in ink 
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To find the probable error of this we must substitute in the above equation 
the symbolic values of O xo + O a and thus wo have— 

Prinsep’s Pound = 12 0, +P. 01 +4P. 0S + 4 P. 0 0 — 3P., + 4 23006 P. 0 3 
from which the probable error will (when the errors generated in deter¬ 
mining O a and 0 10 , and also in the single comparison of this weight aro 
allowed for) 

= \/ 8878908 = 0-002890 

and we may consider Prinsep’s Pound = 5700148 ± 0 003 grains. 

Section X. — Considerations as to the Weights which should he made use of 

in a scries. 

The only generally used decimal system of weights, is the motric, 
which is so largely diffused. In it the weights between W, and W, 0 aro 

W a in duplicate, and W r When the system was adopted in England 
pennissively, the intermediate weights chosen wore W , W , and W a . Tho 
other series in use, are those I have described before as the Bullion, and tho 
English Grain Series. In making a series of weights of tolahs for the use 
of tho Indian mints, I have therefore a choice; and it is worth considering 
which series is tho best. 

Commercially, the fewer weights required'to make any weighmeni, the 
better. I think, too, that commercially it is undesirable to have duplicate 
weights, and of course none should be superlluous. In the strict French 
Metric system there are 3 weights required to weigh 9 and 8, while two arc 
wanted for 7,6, and 3, and tho 2 is in duplicate ; and in the English modifi¬ 
cation there are 3 weights wanted for 9 only, while 8, 7, G, and 4 require 
two each, and there is no duplicate : I think then that the English modi¬ 
fication is preferable to tho original system. 

In our English Bullion system there are never 3 weights wanted for 
any purpose ; and 9, 8, 7, and G require two weights. But there are more 
weights than are wanted, there being 5 weights in each decad instoad of 4. 

In the English Grain system there are never 3 weights wanted; 9,8,7,5. 
and 4 roquire two each, there ai;o no duplicates, and none superlluous. I think 
then that the English Grain system is the best for commercial purposes. 

Scientifically, the best system is that of which the values can be most 
accurately deduced from the standard Prototype. It is worthy of note, 
that neither of the Metric systems, nor the English Grain system, admit 
of the weights of a decad being completely determined without a second 
unit in each decad. 

This is not an unmixed disadvantage. The 1, 10, &c., being necessary 
for this purpose only, and not used in common, may be kept separately, and 
referred to for verifications whenever desired, and by such uso tho errors 
of the weights of any decad, can be determined with comparatively little 
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labour and without its being necessary to refer back to a primary weight. 
Thus, checking becomes much more manageable, and, by such a plan 
as I have adopted in dealing with the P set, one of the duplicates is far 
more accurately determined than the other, and can be laid aside for re¬ 
ference ; the accuracy of the second being ordinarily sufficient. 

Tho English Bullion system, as \vc have seen, contains the means of 
determining the values of all the weights without duplicates, and it is 
possible to have one weight practically unused, if wo consent to make either 
8 or 9 by three weights; this reference weight, however, is not so convenient 
for use as in the other cases. 

Tho English Grain system has this advantage over all the others, that 
any weight from 1 to 10 requires at most two weights to make it. It has 
the disadvantage that 6 is not the half of ten, but, on the other hand, 3 is 
the half of 6; and I do not see tho great gain of this relation, unless it bo 
admitted that tho system of division should be binary. In France, it was 
proposed that each multiple of a unit by ten, and each division by ten, 
should be a new unit. Some slight gain might have come if this had 
become a thoroughly practical procedure; but, in fact, one rarely hears of 
any but the kilogramme, gramme, and milligramme, and so of tlio other 
numbers of the scries. I think, then, that the advantage of being able to 
have a single weight for half a hectogramme, &e. is dearly purchased, if 
there be a disadvantage in the determinations; and, in deciding on a system 
of weight, it is necessary to consider tho probable errors of these deter¬ 
minations. 

In each of these proposed systems, 5 comparisons, giving 5 equations; 
are enough to connect all the weights in a decad. If this number be 
alone used, then the probable errors of W, 0 derived from W, will be 


English Grain System 
„ Bullion . 


e 

e 


-v/21 

v'inr | 


if the best equa¬ 
tion be taken. 


„ Metric . e <\/38 

Original Metric .* e \Z2ti 

In this respect the English Grain system seems best, and the Modified Metric 
System the worst. Tho Original Metric system is nearly as good as the 
English Grain system, and it is possibly better if a good deal more labour 
be given to each; but I think—when it is considered that weighing by tho 
English Grain system requires only two weights iu each decad, and that 
the standard system should coincide if possible with that in use—tho palm 
will bo assigned to the Grain system. 

I think, too, that those who have gone with me so far, will feel as 
strongly as myself tho great gain of a “large primary unit.” It has 
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always been considered necessary to have the primary unit very indestructi¬ 
ble, and no doubt this is a very important point: the lead was taken in 
France, where the Normal Kilogramme was made of platinum; platinum was 
again used in England for the Standard Pound, and now standards of re¬ 
ference are made of a Platinum-iridium alloy. The cost of the mere metal 
is very heavy (a kilogramme is at present worth jCGO for mere material), 
and the use of such a metal for large weights is of course out of the ques¬ 
tion. It seems to me doubtful whether equal accuracy could not bo 
obtained by employing a largo weight of gilt or niekelized bronze; from 
which copies could be made with far greater accuracy than they could be 
separately deduced from the small primary. It is possibly too late to 
change the material of Primary Standards now, but at all events tbo 
standard of Commercial Weight should bo a largo mass of gilt bronze. 

Acting on these principles, I have nearly made a set of weights from 
1000 tolahs to 0‘00l tolah from these bullion weights. There will be 
several copies of the largest, carefully compared, some of which I trust 
Government will allow mo to distribute. The individual weights aro on 
what I have called the English Grain system: that is, there arc— 

1000 tolahs. 100 tolahs. 10 tolahs. !■ tolahs. 0T0 tolahs. O'OIO tolahs. 


600 

99 

60 

99 

. 6 

99 

06 

99 

006 

99 

0006 

300 

99 

30 

99 

3 

99 

0-3 

9 } 

0 03 

99 

0 003 

200 

99 

20 

99 

2 

99 

0-2 

99 

002 

99 

0002 

100 

«* 

10 

If 

1 

ii 

01 

99 

00 L 

11 

0001 


The final adjustments and deductions have yet to bo made; but after,what 
1 have said, there will bo little new in this. I have been very greatly 
assisted by Mr. Durham, Senior Assistant in the Assay Office, who has 
superintended all of the gilding; and to whom I owe devices which will 
allow the gilt weights to be made true almost to the accuracy of a single 
comparison by substitution. 

Table I. 

Logarithms for calculating the Weight of the Air adapted to Fahrenheit's 
* Thermometer. 

This Table gives 10 + the logarithm of the ratio which the weight of 
air at the temperature named and at Calcutta bears to that of the same 
volume of water when at its maximum density, the logarithm of the height 
of the barometer. 

If B be the reading of the barometer reduced to freezing point; the 
temperature and V the elasticity of the vapour in the air 

then log sq. of air = At + log (B — 0238 V). 
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The value of At at sea-level in latitude 45° can bo got from those 
numbers by adding 0-000785-7 to each and thence the value for any other 
place. 


Temp. 

At. 

AO) At. 

Temp. 

At. 

Ad) At. 

Temp. 

At. 

Ad) At. 

30° 

5-63661(34 

8848 

55° 

5G150200 

8119 

SO 0 

5-5944469 

8030 

1 

6357316 

8830 

6 

6141781 

8402 

1 

5936439 

8015 

32 

6318486 

8812 

7 

6L33379 

8387 

2 

5928424 

sooo 

3 

6339674 

8794 

8 

0124992 

8371 

3 

5920123 

7985 

4 

6330880 

8776 

l 

9 

6116621 

8354 

4 

5912438 

7971 

35 

5-6322101 

8759 


5-6108267 

8338 

85 

5-5901467 

7957 

C 

6313315 

8741 

1 

6099929 

8323 

6 

5896510 

7912 

7 

6304604 

8721 

2 

6091606 

8306 

7 

5888568 

7927 

8 

6295380 

S705 

3 

6083300 

8291 

8 

5880611 

7913 

9 

6287175 

S689 

4 

6075009 

8275 

9 

5872728 

7899 

40 

5-6278186 

8671 

65 

5-606G734 

8258 

90 

5-5864829 

7884 

1 

G2G9815 

8651 

6 

6058176 

8211 

1 

5856945 

7870 

2 

62G11G1 

8637 

7 

6050232 

8227 

2 

5819075 

7856 

3 

6252524 

8619 

8 

6042005 

8212 

3 

5841219 

7811 

4 

6243905 

8603 

9 

6033793 

8197 

4 

5833378 

7828 

45 

5-6235302 

8585 | 

\ 

5G025596 

8181 

95 

5-5825550 

7813 

6 

622G717 

8569 

Kfl 

6017415 

8166 

6 

5817737 

7799 

7 

6218148 

8552 

2 

6009219 

8151 

7 

5809938 

7785 

8 

6209596 

8535 

3 

6001098 

8135 

8 

5802153 

7772 

9 

6201061 

8518 

4 

5992963 

8120 

9 

5794381 

7757 

50 

5-6192543 

8502 

75 

55981843 

8105 

100 

5-5786624 


1 

6184041 

8485 

6 

5976738 

8090 




2 

6175556 

8468 

7 

5968468 

8074 



'4- 

3 

6167088 

8152 

8 

5960514 

8060 




4 

6158636 

8436 

9 

5952514 

8045 
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Tabu: If. 


Logarithm of the Ratio of the Density of Water to its Maximum Density 
for each degree of Fahrenheit's Thermometer. 

This? Table is founded on that given at page G6 See. of tho Report of 
the Warden of the Standards for 1871-72. Certain values of the Table 
there given, were taken and the constants found to express them in a 
series of the form A ( t — /i,) 2 -f B (t — /i 2 ) 3 , and, these having then 
been suitably modified to change the scale of the thermometer from 
Centigrade to Fahrenheit, the present Table was computed. 


a* 

s 

CD 

H 

Log. Ratio. 

I 

AO) R. 

Temp. 

Log. Ratio. 

AO) R. 

Temp. 

1 

i 

j Log. Ratio. 

AO) R. 

30° 

i 

i 

• 

! 


55° 

00002100 

+ 302 

80° 

0 0014313 

639 

1 

j 


6 

0002702 

3L8 

1 

000L4952 

650 

2 

10*0000516 

—113 

7 

0003020 

335 

2 

0015602 

659 

3 

1 0000(01 

—121 

. 8 

0003355 

350 

3 

001626L 

670 

4 

0000283 

— 99 

9 

0003705 

367 

4 

001G931 

679 

35 

0-0000184 

— 78 

60 

00004072 

381 

85 

00017610 

688 

0 

! 0000106 

— 56 

1 

0001153 

397 

6 

0018293 

698 

7 

0000050 

— 35 

2 

0001850 

412 

7 

0018996 

•706 

8 

0000015 

— 15 

3 

0005262 

426 

8 

0018702 

715 

9 

0000000 

+ 06 

4 

0005688 

411 

9 

00201L7 

723 

40 

Q000000G 

+ 27 

65 

0 0006129 

455 

90 

0 0021440 

732 

1 

‘0000033 

47 

6 

0006581 

469 

1 

0021872 

739 

2 

b 0000080 

66 

7 

0007053 

183 

2 

0022611 

717 

3 

000014G 

86 

8 

0007536 

497 

3 

0023358 

754 

4 

0000232 

1C5 

9 

0008033 

• 

509 

4 

0024112 

762 

45 

0 00003JJ7 

121 

70 

00008512 

523 

95 

0-0024874 

768 

6 

00**0461 

141 

1 

0009065 

535 

6 

0025612 

775 

7 

(>000605 

162 

2 

0009600 

548 

7 

00261L7 

782 

8 

0000767 

180 

3 

0010148 

560 

8 

0027199 

787 

9 

0000947 

198 

4 

0010708 

572 

9 

0027986 

794 

50 

0 0001145 

216 

75 

00011280 

584 

100 

0 0028780 


1 

0001361 

234 

6 

0011864 

596 




2 

0001595 

25 L 

7 

• 0012160 

607 




3 

■ 000 L846 

269 

8 

0013067 

617 




4 

0002115 

1 

i 

285 

•• 

9 

0013684 

629 



i 






66 J. F. Tennant— On Standard Weights. [No. 1, 

Tablk [II. 

Logarithms for facilitating the Calculation of the Cubical Expansion of 

Metals. 


Log. (1 + EM t .) 



G = M 
Gold 

— 339-14 

_ S = M 
Silver 

— 441-41 

P = M ! 
Platinum 

— 208-32 

B = M 
Bailv’s metal 

— 391-98. 

Br = M 
Brass 

— 398-27 

1 

i | 

i 

0 000010598 0 000913791 

! 

00000065LO 

0 000012343 

0 000012446 

t 

2 

i 

21196 

27588 

l 

13020! 

24686 

24892 

3 

31794! 

J 

413821 

195301 

i 

37029 

37338 

4 ' 

i 

423921 

55176! 

26040. 

49372 

49784 

5 

52990 

68970 

32550' 

61715 

62230 

6 

63588 

82764 

j 

39060 

74058 

74676 

7 

74186 

96558 

45570] 

86401 

87122 

8* 

84784 

110352 

52080! 

98744 

99568 

9 

95382 

124046 

58590) 1 

1 

111087 

112014 


This table is founded on the supposition that up to 100° of Fahrenheit’s 
Thermometer ; log expansion for n° = » x log expansion for 1°; which is 
true sufficiently. The linear expansions of Gold and Silver have been taken 
from Vol. I of Professor Miller’s Chemistry; the others from the paper 
in the ‘ Philosophical Transactions’ on Standard Weights. 

The argument of this Table is to be T — 32°; or T itself can be 
taken if the number at the head of the column be applied. 

Thus for brass at 85 35° we have 


50° 

0 000622-30 

or Br 80° 

0-000995-68 

3 

37'34 

5 

62-23 

0-3 

3-73 

•3 

3-73 

005 

0-62 

05 

0 62 



Const. 

— 398-27 


0-000663-99 


. 0 000663 99 
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May 24th, 1879. 


Comparisons of El with O t . 


Oertling, No. 1. 


Weight 
on left side. 

Weight 
on right side. 

Scale 

Readings. 

Deduced 

Mean. 

Low. 

High. 

El 

B 

°‘ + 12 io 

5-7 

01 

95 

92 

7-54 

El + P-io 

Do. 

136 

13-7 

ISO 

17-8 

15-81 

1 

O, +P. 0l 

El + 12^ 

• 10 

131 
13 4 

17 4 
17-2 

1521 

! 

’ 

o, 

Do. 

3 l 

3 8 

10 7 
103 

6.95 

.. 

Do. 

Do. 

3 4 
3-8 

10 0 
96 

6-60 

; 

o t + r. ol 

Do. 

13 3 
13-6 

166 

16-3 

15 03 ! 

i 

1 

MI + P-oi 

» 

°, + 

i 

12-8 

13-3 

18 9 
18-5 

15 99 ' 

El 

Do. 

3 0 
36 

a 

11.9 

114 

761 , 

1 

l 

1 

1 

1- 


Remarks. 


h. m. 


in. 


| Dry Bulb 85 9. Wet Bulb 8L 0. 
* 


m. 


7 (jl Bar. 29 01. r l’enip. 80 0 F. 

Dry Bulb. 85"4 Wet Bulb M l, 
h. m. 


Hence JSI a. O, + 1-2 jb - — 


2 ' 18 r.„,*O l + 12jb-0'297 P.. 1 . 


EI ^ 0i - w | + g* *«. -> 4’ + 0 309 p - 


El =0= 0 


— i’2 — a + ~ I> ^0, —1 - 2 — + 0401 R 01 . 
1 10 r 8-48 01 1 10 01 


R„ 3 40 _ _ . _ R 

10 

.•2^^^- - R 

10 8’38 

/. 4 El = 4 0, 4*0191 P. oi : or BI s 0, + 001775 P. 0l . 


« * 0, + 12 g ~ P-.. * ». + 12 io' - °' 285 P - 


Note .—Jn the original the succession of observations has been distinguished, but 
■want of spaco rendered it necessary to give this up. 
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Type Comparison II. 

June 5th, 1879. Oertling No. 1. 

Comparisons of Oj with O. n 4- O,. +0., = S. 


Scale 

Weight Weight Rea ni n ee. Deduced 1{EMinIts . 


on left side, on right side 


Mean. 


Low. High. 



1590 


1440 


It 49 


1540 



Hence O, - S + 4-2 - (50 + ^ ^ S + 4 2 - 0-5226 B, 

O, - S - 4-2 ^ + (o 0 + $ * S -4.2 5’- + 0 1015 R, 

°. i8 -*' 4 + (°' 6 + 3 4i ) F iS - 1 ' 2 | + 0 002R . 
°* - 8 + 4-2 2f - (5 0 + *«j) Si ^ B + 4-2 - 0 5272 R , 

■••40,548 — 0-8481 K, or 0, s 0. B + 0. 4 V 0., — 0.212025 R 
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Type Comparison HI. 


October 22nd, 1870. Oertling No 2. 

Comparisons of O s with + O., + P. oa = S. 


Weight 
on left side. 

Weight 
on right side. 

Scale j 
Readings. , 

Deduced 

Mean. 

Remarks. 

Low. 

1 

High. 


8 

0. 

.» 

0 5 

0 0 

1 

1 

14*1 j 
13*8 , 

11*01 


S f P. w3 

Do. 

15*0 

15-5 

22 7 
222 

1873 


o s 

•S + P.„. 

12 0 
12*2 

14G 

143 

• 

13*34 


• 

Do. 

s 

1G*3 

1G*7 

230 
22 *G 

10*55 


Do. 

Do. 

16*1 

16*0 

23 3 
22*8 

10*58 


Do. 

S + I\ 03 

12*2 

12*4 

141 

140 

13*21 

i 


S + P. OB 

0 

0 S 

15*4 

15*7 

21*0 

20*7 

18*13 


S 

Do. 

10*8 
. 10 0 

13 0 
12*8 

11*01 


• 




— 


• ’ ;j oO 

Hence 0 5 ^ S + —^ P. 03 S + 0153 P. on . 


0 B ^S + 
0, a S + 
O ft a 8 + 


£55 

G*2L 03 

££? P 

G-21 '° 3 

6-22 03 


= 2 = S + 0-732 P. oa . 
^ S + 0*737 P. 03 . 
S + 0*407 P. oa . 


4 0. 


4 8 + 2*410 P. oa and O. 

•* 


= S + 0 GO475 P. 03 . 

= °i+O J +P. 0a +0G4475P. 03 . 
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P. S. June 29th, 1880.—After the earlier part of this paper was 
drafted, I learnt that M. St. Claire Deville had proposed to make standards 
of the Commercial Kilogram in a new manner. The metal is to be the 


Platinum-iridium alloy so as to secure hardness and indestructibility, but, in 
order that the density may be nearly that of brass, it is to be hollow, the 
parts are to bo soldered together by fusion so as to enclose a constant 
mass of air, which, of course, will be included in the weighings. This plan 


has been adopted by the International Commission for making the Kiuo- 
pean Metric Standards, and will no doubt be a great improvement on the 
old Commercial Standard of France, which is made of brass. The volume 
of these weights is to be 125 cubic centimetres, so that the density will be 
8 0; which is a little lower than that of good sound weights of brass, and 
materially lower that that of gilt bronze ; while it is greater than that of 
iron. 


Certainly, the visible Commercial unit, to which reference can ho made, 
appears preferable to the imaginary unit of England. * Such a weight 
would vary in Calcutta with respect to the scientific unit to the extent of 
about 11 milligrams, and it would be needless to take notice (for commer¬ 
cial purposes) of the much smaller variations with respect to such weight 
as may be compared with it. 


VI .—On the High Atmospheric Pressure of 187(5-78 in Asia unit Australia, 
in relation to the Sun-spot Cycle.—By Hesks F. HiaNVOitn, Met. 
Rep. to the Ooot. of India. 

(Received December 24th, 1879 ; Read January 6th, 1880.) 

(With Plate I.) 

i 

The three years 1870,1877, and 1878, more especially the two former, 
were characterized by a deficiency of rainfall in one or many parts of India, 
and by a more general and very persistent excess of atmospheric pressure. 
With but slight and local interruptions, from August J[in some parts of 
India from May) 1870 to August (in some eases only to May) 1878, over 
the whole of the Indian area, the barometer ranged above the average of 
many years. Nor was this excess of pressure restricted to the land. Tho 
register of Port Blair at the Andaman Islands, and that of Nancovvry at 
the Nicobars, shew that, at these insular stations, tho excessive pressure was 
of greater duration and more persistent and intense than at any continen¬ 
tal station at or near the sea-level; indeed, with one striking exception, 
more intense than at any other station in the entire region. At these 
islands, the pressure rose above the average in May 1876 ; and, from that 
time to August 1878 inclusive, the mean pressure of every mouth was from 
001* to -071* in excess of the average; derived, in the case of Port Blair 
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from eleven, and, in that of Nancowry, from six years’ registers. On the 
mean of the whole period and of the two stations, the exeess amounted 
to 0327". 

The single exceptional station, which slmws a greater average excess 
than the Bay islands, is the hill station of Dar jiling in the Sikkim Hima¬ 
laya, at an elevation of nearly 7000 feet above the sea. At this station, 
where the barometer has been registered steadily for upwards of 12 years, 
the mean excess of the same period of 28 months was not less than *0332" ; 
or, since the first rise took place in August L87G, the mean of the whole 
unbroken period of 25 months’ excess was '0370". On the plains of Bengal, 
the mean excess (average of six stations) was only '0208 on the 28 months 
and *0351 on the 25 months, a reduction, as compare*! with Darjiling, which 
is probably explained by the fact that, in Bengal, as indeed generally in 
India, the mean temperature of the air was also on the whole considerably 
in exeess of the average •, so that the stratum of air resting on the plains 
had less than tfie average density. This fact is of pregnant importance ; 
for it shews that the excessive pressure in question was due to the condition 
of the Jiigher atmosphere ; of those strata, at all events, that lay above the 
elevation of 7000 feet; and that, in fact, the prevailing excess, instead of 
being caused by the conditions recorded at observatories on the plains, was 
to some extent counteracted by a deficiency in the mass and static pressure 
of the lower strata. 

In his report on the Meteorology of India in 1877, Mr. Eliot drew 
attention to the persistently high barometric pressure of that year, and 
pointed out that the barometric registers of Sydney and Melbourne in 
Australia also “ indicated, on the whole, a marked tendency to excessive 
pressure; and that, therefore, there is a slight probability that this is a 
feature of the whole area, from India southwards to Australia, including 
the^ea area of the Indian Ocean.” Furthermore, that it appeared, from 
the register of Hongkong, “ that the pressure in that part of China was as 
markedly and persistently in defect as it was in excess in India.” 

A re-examination of the 'data shews, however, that this latter conclu* 
sion is extrejpely doubtful, and indeed probably mistaken. I find that the 
Hongkong barometric registers of past years have been so variously treat¬ 
ed that no trustworthy comparison can be instituted on them ; and, on the 
other hand, 1 find that the excellent registers of Zi-ka-wei near Shanghai 
point to an opposite conclusion, and shew that here also, on the east coast 
of China, the pressure was excessive during the greater part of the period 
in question, though to a much less degree than in the Indian region. 

In the case of Australia, Mr. Eliot compared the registers of Sydney 
and ’ Melbourne only. I have examined that of Adelaide in addition, and 
find that not only dogs it confirm the general conclusion drawn from the 
two former registers, but, further, shews that in South Australia the excess 
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was more intense than at any other station yet examined either in Australia 
or India. At this station, the pressure rose above the average in May 1876 
(as at the islands in the Hay of Bengal) and, with the exception of 1 months, 
remained in excess until JuneJ^878; the average excess of the whole period 
being not less than •0681" or T V of an inch of the barometer. At Mel¬ 
bourne, during the same period, it averaged ’0387" and was less prolonged. 
For Sydney, I have registers only up to September 1878, and these shew an 
excess much below that of Melbourne. It would seem, therefore, that in 
Australia as in Asia the excessive pressure diminished towards the east 
coast of the continent. 

As a link between the data of the Indian and Australian regions, I have 
the registers of Singapore and Batavia; for the latter of which 1 am 
indebted to the kindness of Dr. Bcrgsma. At Singapore, the same barome¬ 
ter has not been in use throughout. The barometer registered in I860 and 
1870 having been injured, was replaced by another in 1871 which had never 
been compared directly or indirectly with the former; and the relative values 
of the registers in the two former and subsequent years are, therefore, more 
or less open to doubt. The position of the instrument also h^s been 
changed once or twice ; but, in comparing the registers of past years, I 
have applied an appropriate correction for the changes of level. The 
registers extend from May 18G9 to the present time. According to these, 
during the four and a half years, from May 1869 to October 1873, and 
certainly from July 1871, in only two months, was the mean pressure of 
any month slightly above the general average of the month, as deduced 
from the whole series of years; whereas, from November 1873 to February 
1875 (L6 months in all), ten months ranged above it, and six only below it; 
and from March 1875 to Juno 1878, every month shews an excess, except¬ 
ing April 1876 (which was the same as the average) and November 1876 
and December 1877, which were slightly below it. Hence, it appears that 
the excessive pressure began earlier and was more prolonged at Singapore 
than at any other station yet examined ; but it was less than half as intense 
as at Adelaide; the average of the 26 months, May 1876 to June 1878, 
being only 0293". 

The register of Batavia affords evidence very similar to that of Singa¬ 
pore. Here also from November 1869 to August 1873, a period of 3 years 
and 10 months, in only four months did the pressure range slightly above 
the average; from the latter date to April 1876, in ten months it exceeded 
the average ; and from May 1876 to August 1878, it was above the average 
in every month except three. The average excess of this period was ’0256." 
Xhus, at these two sub-equatorial stations, there is evidence of a gradual rise 
of atmospheric pressure since 1870; and tho Batavian register recorded 
under the careful superintendence of Dr. Bergsma is of the highest validity. 

In Ceylon and Southern India, the excessive pressure, was of shorter 
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duration than at the Bay islands, and on the average of the whole period 
not more than half as great; viz., ‘020 

As far as can be judged, then, from the available evidence, the excess 
appears to have been greatest (in the Ijndian region) on an axis lying 
between the Nicobars and Bengal. And, in Australia, at Adelaide, or possi¬ 
bly to the westward of that station. In the absence of any sufficient 
registers for Western Australia, this must remain an open question. To 
the eastward, however, it certainly diminished greatly at Melbourne, and 
still more at Sydney. Whether, however, the condition of excessive pres¬ 
sure was continuous between Batavia and South Australia or otherwise, 
there is no distinct evidence to show. 

In Asia, the excess was less in Assam than in Bengal, and was compara¬ 
tively small at Shanghai (Zi-ka-wci). To the westward, it also diminished, 
but not quite regularly; since, in Orissa and on the Gangetic plains, it was 
less than on the plateaux of Clmtia Nagpur and Bundelkand, and slightly 
less than in liajputana and Sind. Some of these irregularities probably 
depend on variations of the temperature, and therefore density, of the lower 
atmosphere; and partly also are apparent only, and owing to the fact that 
the averages Avhich have.served as the standard of the comparison aro 
derived, in some cases, from longer series of years than in others. That, 
notwithstanding these irregularities, there was, on the whole, a general 
decrease of the excessive pressure to the westward of the axis above defined, 
appears, however, pretty clearly, from the following average values of this 
excess for the whole period of the 28 months of its duration. • 


Bengal -f 

Arakan + 

Bay islands + 


•0208" | 
o:ii7"< 
0327" I 


Gangetic 
pin in 
Clmtia 
Nugpu 
& lJundcl- 
kand 


Orissa 


+ -0101"... Punjab +’0132" 

I ltajpulana \ 

! + '0215" 

and Sind ) 

1 Nagpur and \ 

> + -0219" Bombay + '0190" 
Bcrar ) 

Dukhan + "0127" \V.Coast f ’0102" 

Carnatic +’010!)" Ceylon +'020 // 


It may hero be observed that this axis or ridge of greatest intensity, 
if prolonged, lay across the middle of the two great continental masses, 
Asia and Australia, from Western Siberia to South Australia; a position 
which suggests the probability that the phenomenon was in some measure 
dependent on the presence and position of these large land masses. 

The variation of the anomalous pressure from month to month, at all 
the stations above referred to, is given in the accompanying Table I, which 
shows the deviation of the pressure, in each month, from the average of that 
month and place (or district), as derived from the registers of many years. 

10 . 
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Table T.— Devin Hon of pressure in each month from the 



Punjab. 

Gangetic plain. 

Bundelkand, &c. 

South Central Pro¬ 
vinces and Berar. 

Dakhan and Mysore. 

East Coast and Carna¬ 
tic. 

1876. April, . 

— •045 

m 

m 

— •055 

1 

6 

u 

— •054 

May, ••• 

— •045 

11111 

3 

— 043 

— •018 

— •029 

June, m ••• 

— •008 

— •012 

+ -008 

SB 

— •002 

— •008 

July, ••• 

— ■037 

— -048 

— -019 

— •041 

— •026 

— •025 

August, ••• 

+ -004 

+ *005 

+ -015 

0 

+ -005 

— •015 

September, ... 


+ 014 

+ -016 

+ -010 

+ -020 

1 

6 

o 

October, 

+ -034 

mm 

+ -014 

+ -042 

+ -028 

+ -022 

November, ... ... 


HM 

— -004 


— •009 

— •004 

December, .«• ... 

+ -051 


+ -042 

+ -044 

+ -032 

+ *044 

1877. January, . 

+ '067 

+ -0G7 

+ -069 

+ -059 

+ -030 

+ -056 

February,. 

+ -024 

+ *052 

+ - 054 

+ -031 

— •004 

+ 021 

March, ... ... 

+ -015 

1 

+ '033 

+ -029 

+ -005 

+ - 026 

•■•April, ... ... 

+ -053 


+ *065 


+ -025 

+ -045 

May, ••• 

+ -030 

EBSi 

+ -055 

+ -033 

+ -010 

+ -019 

JllUO, ••• mi 

+ -032 

+ -037 

+ -038 

+ -034 

+ ’026 

+ -033 

July, . 

+ -on 

+ -012 

+ -040 

+ -057 

+ '054 

+ -038 

August, mi ••• 

— •022 


— •005 

+ *011 

+ -032 

+ -022 

September, ... ... 

+ -020 

+ *018 

+ -051 

+ -060 

+ -028 

+,;045 

October, mi im 

+ 043 

■ 

+ -053 

+ -060 

+ 033 

+ 

6 

3 

November, ... ... 

+ Old. 

1 

+ -016 

+ -041 

+ -032 

+ -031 

December, ... 

— •008 

Bill 

— •004 

+ -002 

+ -003 

+ -009 

1878. January, .. 

+ -031 

1 

+ *044 

+ -018 

+ *011 

+ -030 

February, ... 


+ -028 

+ 034 

+ -028 

+ -038 

+ -046 

March, ••• 


■ 

+ -062 

+ *034 

+ -031 

+ -048 

April, «•• ••» 

+ -022 

1 

+ -050 

+ *035 

+ -027 

-1- 038 

May, ««• in 

+ -02U 

■ 

+ ’048 

+ -023 

+ -012 

+ -023 

Juno, nt 

+ -014 


+ -020 

+ -006 

o 

r-H 

o 

I 

— •008 

July, .. 

+ 034 

1 

+ -035 

+ -012 

— •015 

— •005 

August, . 

+ -018 


+ -002 

— •014 

— •030 

— •009 

September, ••• 

— •039 

— 031 

— •023 

— •041 

* V 

— •039 

— •028 
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average of the month and place. 


Orissa. 

Lower Bengal. 

Daijeeling. 

Assam and Cachar. 

Arakan. 

Bay Islands. 

Singapore. 

I 

« 

Rajputana and Sind. 

— •062 

— •052 

— 016 

— -048 

— -014 


0 

t* 

CO 

O 

1 

— •040 

— •037 

— •017 


— •002 

— •012 

+ -025 

+*033 

+ *008 

— 025 

— 003 

+ -014 

+ -004 

— •002 

+ ’012 

4- -023 

+ -030 

+ 001 

+ 002 

— •050 

— -045 

— •018 

— *035 

— •027 

+ -019 

+ -032 

+ 009 

— 047 

— 017 



— •018 

— •010 


+ -023 

— •003 

+ -002 

— •017 

+ -014 

f -016 

+ -003 

+ ‘013 

+ -033 

+ -025 

+ -003 

+ -030 

+ -022 

+ -047 

+ -060 

+ -058 

+ -048 

+ *034 

+ -010 

+ -012 

+ -036 

— •036 

— -029 


— •029 

— •030 

+ -008 

— -014 

+ -004 

+ -009 

+ -034 

+ -028 

+ -043 

+ -030 

+ 042 

+ 049 

+ -037 

+ 033 

+ -038 

+ -064 

+ -065 


+ *084 

+ -073 

+ -066 

+ 060 

+ 054 

+ 054 

+ 062 

+ -072 

+ *031 

+ -065 

+ -060 

+ 039 

+ -013 

+ 047 

+ *023 

+ -034 

+ -038 

+ -029 

+ *027 

+ -044 

+ -029 

+ -026 

+ *028 

+ *014 

+ '065 

+ -070 

+ -028 

+ 061 

+ -058 

+ *034 

+ -029 

+ -030 

> 039 

+ -041 

+ -042 

+ -019 

+ *032 

+ -037 

+ -027 

+ -020 

+ ’016 

+ -047 

+ -015 

+ -032 

+ -041 

+ -022 

+ -014 

+ -049 

+ 049 

+ *051 

+ *034 

+ 032 

f *023 

+ -015 


+ -002 

+ -045 

+ -045 

+ -057 

+ -065 

— 032 

— •032 

+ -012 

— •037 


+ -034 

+ ‘051 

+ *066 

+ ’041 

+ -«57 

+ -058 

+ 037 

+ -051 

+ -078 

+ -056 

+ -040 

+ -054 

+ -056 

+ -062 

+ 077 

+ -066 

+ -081 

+ -082 

+ -071 

+ *049 

+ -058 

+ -032 

+ -008 

+ '008 

+ ‘028 

+ -017 

+ -031 

+ -012 

+ 036 

+ 033 

+ 017 

-018 

— •003 

+ -Oil 

— -004 

+ *010 

+ -015 

— •003 

+ -008 

— •008 

+ *019 

+ -<W5 

+ -021 

+ -044 

+ ‘054 

+ -035 

+ -015 

+ -026 

+ -038 

+ -017 

+ -030 

+ -042 

+ -035 

+ -062 

+ -016 

+ 033 

+ -051 

+ 037 

+ 036 

+ -050 

+ -068 

+ *069 

+ -073 

+ -051 

+ 036 

+ 039 

+ -041 

+ -040 

+ -055 

+ -059 

+ -058 

+ -042 

+ -032 

+ 016 

+ *012 

+ -029 

+ -035 

+ -060 

+ -029 

+ -049 

+ *035 



— •002 

+ 013 

— •Oil 

+ 015 

+ *026 

+ Oil 

+ 019 

+ -007 

1 

+ "006 

+ -017 

+ -024 

+ -067 

+ *056 

+ *066 

+ -071 

+ -012 

— 014 

— •022 

+ -ooi 

+ -003 

+ -047 

+ *047 


+ -061 

+ -021 

+ 014 

+ -002 

— 038 

— 042 

— 023 

— •009 

• • 

| — -028 

i 

— 025 

— •014 

— Oil 

— 015 

— 040 
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Table I .—Deviation of pressure in each month from the average of the 

month and place. —(Continued.) 



Bombay. 

Ceylon. 

Zi-ka-wei. 

Sydney. 

Melbourne. 

Adelaide. 

187G. April, 

, ••• 

— ■039 

— •039 

— •037 

—-1G7 


— •002 

May, 

• • • 

4 -009 

— •003 

4 -030 


— •106 

+ 110 

Juno, ... 


+ -020 

+ *002 

4 ‘018 

+ 039 

+ 043 

+ -094 

July, 

in 

— ■020 

— •007 

4 -021 

+ -007 

+ -097 

+ -072 

August, 

• > • 

+ -01S 

— •007 

— -01G 

+ -013 

+ -0-18 

+ -101 

September, ... 

• • • 

+ -031 

+ -000 

+ 013 

— OGl 

+ -ooi 

4- -100 

October, 

• •• 

+ -015 

+ ‘017 

— ■018 

4 120 

— 0G0 

— 031 

November, ... 

• • • 

— ■001 

— 013 

— •071 

— 191 

— •119 

— •053 

December, ... 

• • • 

+ *023 

+ -028 

4 -014 

+ ‘03o 

+ -056 

4 -077 

1877. January, 

t • • 

+ '038 

+ -015 

+ -022 

— •051 

+ -007 

4- -040 

February, ... 

• • • 

+ -027 

+ -032 

+ -03G 

4 '052 

+ 026 

4 -02G 

March, ... 

• •• 

+ -025 

+ -017 

— •on 

+ *0G1 

+ -0G0 

4 *057 

''April, 


4 029 

+ *027 

— •019 

+ -021 

4 -053 

4 -079 

MiiYj 

• •• 

+ -035 

4 -017 

+ ’012 

— •209 

— 152 

— •112 

J uno, in 


+ *0d5 

+ -057 

+ -00G 

+ -19G 

+ -204 

4 -285 

July, ... 


+ -097 

+ -013 

+ -005 

4 137 

+ 163 

4 -090 

August, 

t ■ • 

+ -032 

+ -050 

4 -015 

+ '065 

+ -087 

4 -118 

September,... 

■ • • 

+ -038 

+ -010 

4 -021. 

+ -077 

+ -152 

4 -162 

October, ... 

• • ■ 

4 -031. 

4 -0G0 

+ -030 


+ '121 

4 -101 

November, ... 

... 

+ -020 

+ *029 

4 -004 


— ■002 

4 -081 

December, ... 

• • • 

— 015 

— •003 

— •008 


+ -on 

4 -063 

1878. January, ... 

> • • 

+ -015 

+ -020 

+ *015 


4 125 

4 114 

February, ... 

• • • 

+ -043 

+ 037 

+ 079 


+ -064 

4 -092 

March, ... 

• •• 

4 039 

+ -035 

+ -080 

> 

CD 

— ■018 

4 -013 

April, 

• • • 

+ -020 

4 026 

4 -052 

£ 

— *039 

— •025 

May, ... 

• • • 

+ -025 

+ *009 

— 015 

O 

y A 

4 -072 

4 *104 

June, ... 

• •• 

+ 022 

4 007 

—'*001 


— 099 

4 -014 

July, 

• •• 

0 

— 010 

+ -020 


— 155 

— •161 

August, 

• • • 

— •049 

— 003 

+ -033 


— •076 

4 -003 

September, ... 

• •• 

— •083 

— •009 

— •058 


— 115 

— 133 
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Evidence bearing on the northern prolongation of the axis of maximum 
pressure across Central Asia (at least up to the end of 1877) is afforded 
by the old established observatories of the Russian empire ; the registers of 
which, since 181-7, are given in the ‘ Annales de l’Observatoiro Physique 
Central de Russie’. Before, however, proceeding to notice the barometric 
condition of this region during the special period in question, I must draw 
attention to another class of facts, which have an important bearing on tho 
subject, and which, although not entirely new, have been brought out in the 
present investigation with remarkable clearness and prominence. 

I have already noticed the evidence furnished by the registers 0 f 
Singapore and Batavia, of a persistently low pressure from 1809 to the 
latter part of 1873, of its gradual rise during the subsequent years, and its 
culmination in 1877. The Batavian register extends as far back as 18GG ; 
comprising, therefore, a period of 13 years, and somewhat more than a com¬ 
plete cycle of sun-spot variation. The deviation of the mean pressure of 
each year fi’oui tho general average of the whole period is given in 
the second column of Table II ; and, in tho first, I have given tho 
variation of Wolf’s suu-spots numbers up to 1875, the latest date for which 
I have them. I need only add that from 1875 to the early part of tho 
present year, was a prolonged period of minimum solar activity. Tho 
coincidence of the barometric variation with that of the sun-spots is too 
obvious to need comment; and it is emphatically to be noticed that tho 
minimum of pressure coincides with the maximum of spots, and vice versd. 
The remaining columns of the table give the annual deviation of tlfc mean 
pressure of each year from the general local averages, for the stations 
Singapore, Port Blair, Colombo, Akyab, Chittagong, Calcutta, and Darjiling, 
from 1807 to 1878 ; and the accompanying plate represents graphically tho 
course of variation at each station from year to year. All these exhibit, 
more or less distinctly, an oscillation similar to that of Batavia ; being most 
pronounced at insular and sub-equatorial stations. Table III gives tho 
annual barometric variation of Calcutta and Bombay from 1848 and 1852 
respectively, and Plate I, the* corresponding curves. 



Table II .—Annual variation of barometric 'pressure in Indo-Malayan region. 
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Table III.— Annual variation of pressure at Calcutta and Bombay. 


Years. 

Calcutta. 

Bombay. 

Years. 

Calcutta. 

Bombay. 

1847 


— •012 

1858 

— 003 

+ -003 

’48 

■ at 

— *004 

’59 


+ -004 

'49 

• a • 

— •Oil 

’00 


— •005 

’50 

a • • 

— •001 

’61 


— -0L2 

’51 

a a a 

— •013 

’02 


— 020 

’52 


— -Out 

’03 

— 024 

— •nl7 

’53 

— •013 

+ -005 

’Ot 

-,011 

+ -023 

’54 

— •002 

— -005 

’05 

+ -018 

+ -002 

•55 

+ 005 

+ -015 

’00 

+ 001 

+ 013 

’50 

— -0 ’4 

— 003 

’07 

+ -022 

+ 015 

’07 

— 013 

— 001 

’G8 

+ -022 

+ -027 


From thcso facts, tt may be concluded that, in the Indo-Malayan 
region, the pressure of the atmosphere is subject to a cyclical variation, 
coinciding in period with that of the sun spots ; and such that the epoch 
of maximum pressure corresponds to that of minimum sun-spots and that 
of minimum pressure to that of maximum sun-spots When, however, we 
turn to Western Siberia, wo find an oscillation, not less, nay, far moro 
pronounced, and precisely of tho opposite character; the maximum of pres¬ 
sure there coinciding with the maximum of sun-spots, and vice versd. Tho 
station which exhibits this most prominently, is Ekaterinonburg at the 
eastern foot of tho Oural. Hut it is also very distinctly recognizable at 
Bo§olowsk to the North, at Slatoust to tho South-west, at Barnoul at the 
northern foot of the Altai, and, as Mr. Archibald pointed out some time 
since in the pages of ‘ Nature,’ at St. Petersburg. Tho annual differences 
at these stations arc given in Table IV, and the corresponding curves in 
the accompanying plate. 
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Table IV. —Annual variation of barometric pressure in Russia and 

Western Siberia. 


Tears. 

Wolfs sun-spot 
numbers. 

f 

e 

o> 

15 

Ph 

oq 

Bogolowsk. 

Ekaterinenburg. 

m 

d 

o 

- 4 -* 

o3 

Tn 


1847 

97-4 

+ -015 

mm 

+ *022 

+ -097 

— •on 

’48 

1249 

+ -014 

■SB 

+ -u49 

+ -078 

+ -028 

’49 

95"4 

M- -003 


+ -Oil 

+ (.33 

— 017 

’60 

69 8 

— -U27 


+ -006 

+ -037 

+ -oil 

’61 

63.2 

+ *036 

+ -023 

+ -014 

— -035 

+ -oo7 

’62 

52-7 

— 012 

— •012 

— -015 

— •118 

+ -019 

’63 

38-5 

+ *065 

+ -039 

+ 065 

— ■074 

+ 023 

’54 

210 

— *081 

— -03 4 

— 032 

— 019 

— 013 

’55 

7-7 

+ *008 

— -003 


— 924 

— 013 

’50 

61 

— *lu4 

— -087 


— -069 

— •024 

’67 

22 9 

+ *064 

— •032 


+ *0li9 

— 040 

’58 

562 

— .010 

— •062 


— •010 

— 031 

*69 

90-3 


— •016 


+ -015 

+ .008 

’60 

94-8 


+ -171 

+ 016 

+ -028 

+ 'OdJ 

’61 

77-7 


+ -014 

— 016 

— 021 


’62 

61*0 

+ *086 

+ -022 

+ -006 

+ -ull 


’63 

45*4 

— 049 

— 064 

— •031 

— 023 

— -062 

'64 

45*2 

+ -021 

— •014 

— 034 

+ -021 

+ -013 

’65 

31*4 

+ *018 

— -018 

— 036 

— 036 

— 017 

’66 

14 7 

— *071 

— •004 

— •032 

— -025 

+ -008 

’67 

8*8 

— *073 

— *052 

— •053 

— •033 

— •003 

’68 

36*8 

— ■017 

— 017 

+ -008 

+ -017 

+ -030 

’69 

78-6 

— *034 

— -019 

+ -071 

+ -082 

+ -050 

’70 

131*8 

+ *023 

— •001 

+ -03 0 

+ -025 

+ -002 

’71 

113*8 

— *012 

— 029 

— ■009 

—-007 

— ■Oil 

’72 

99 7 

+ 070 

+ -030 

+ -017 

? 


’73 

677 

— *010 

— -033 

— -038 

— •034 

— •001 

’74 

431 

— •087 

+ 066 

+ -016 

— 060 

+ "03.9 

’75 

18-9 

+ 051 

+ -022 

— ■007 

— .088 


’76 

• •• 

+ -031 

+ '015 

0 

— •080 

— •001 

’77 

• •• 

+ -008 

+ -121 

+ 095 

+ .010 

+ -098 


All those stations, be it observed, are in Western Siberia or European 
Bussia; and it now becomes of interest to ascertain over what area this 
kind of oscillation obtains. To do this, I have tabulated the barometric 
data for Tiflis on the South-west, and Ncrtschinsk and Pekin on the East. 
No one of these stations exhibits characters resembling those of the stations 
in Western Siberia ; and the curve of Pekin, which is fragmentary, seems 
rather to exhibit the Indo-Malayan type of variation than that of the 
Ural stations. Hence, it would seem there is a reciprocal oscillation of 
atmospheric pressure between Western Siberia and the Indo-Malayan region 
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(perhaps including China) having a period which coincides with that ot’ 
sun-spot variation; and that Tiflis on the one hand and Nertschinsk on the 
other lie beyond the limits of its influence. 

Now, seeing that the Indo-Malayan barometric maximum of 1876-78 
coincided with a portion of the prolonged sun-spot minimum of 1876-79, 
the facts detailed above would lead us to expect a corresponding deficiency 
of pressure in Western Siberia. Strange to say, however, this was not the 
ease. The registers of Bogolowsk, Ekaterinenburg, Slatoust, and Barnoul 
agree in showing a great excess of pressure in 1877, which in tho 
case of Ekaterinenburg was greater than that of any Indian stations, 
and nearly as great as that of Adelaide. I have not yet received 
the volume of the ‘ Annales’ for the year 1878 ; but, on tho average of the 
20 months from May 1876 to December 1877, it amounted to •QOll.* The 
great excess appears to have been restricted to tho stations in Western 
Siberia. At St. Petersburg, although the pressure was above the average 
in 1876 and 1877, the excess was far less striking; and that of 1877 was 
less than that of 1S76. At Tiflis, the pressure of the two years was either 
about the average or below it; and, at Pekin and Nertschinsk, it was 
not greater than at Shanghai [Zi-ka-wei]. 

Hence, there prevailed in Asia generally, in 1877, an anomalous (*. e., 
apparently non-periodic) accumulation of atmospheric pressure, culminat¬ 
ing in Western Siberia, and diminishing both to East and West, and also to 
South. And this seat of maximum lies on the prolongation to the North¬ 
west of the Indo-Malayan axis of excessive pressure noticed in tho garlier 
part of this paper. It is at least probable that this anomalous accumula¬ 
tion of pressure extended in a much diminished degree to the Indo-Malayan 
region, where it was superimposed on the normal periodic excess of that 
region, and produced a maximum which was more intense than any pre¬ 
viously recorded. Also that the excessive pressure of Australia was a 
phenomenon of the same order as that of Siberia; indeed its southern 
counterpart. It is at least certain that they exhibit a resemblance in 
certain not unimportant features to which I shall draw attention in a sub¬ 
sequent paper; merely remarking that, in both cases, these great oscillations 
of pressure, bdth periodic and non-periodic, appear to depend mainly, perhaps, 
indeed, entirely, on the variations of the winter season. Of this, in the case 
of Ekaterinenburg more especially, the evidence is most striking and con¬ 
vincing, and, as far as I have yet examined the Australian registers, it 
appears to hold good in their case also. 


11 
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VII .—Synopsis of the Species of Choeradodis, a remarkable Genus of Man- 
todea common to India and Tropical America. — By J. Wood-Mason, 
Officiating Superintendent Indian Museum, and Professor of Com¬ 
parative Anatomy, Medical College, Calcutta, 

(Roceivod Muy 1st-Read June 2 nd, 1880.) 

The paper of which the following is an abstract, will be published in 
full as soon as the illustrations which have been drawn on the wood under 
iny supervision and sent to London to be cut are returned to this country. 

The remarkable distribution of this genus of Mantodea is exactly 
paralleled by that of another genus of Orthoptera, namely Maslax, species 
of which from the southern slopes of the Peruvian Andos have recently been 
described by Dr. S. H. Scuddcr. 

The nearest allies of Choeradodis are the Australian Orlhoderas, which 
its young ‘ larvae’ resemble in the form of the pronotum. 

denus Choeradodis, Serville. 

A. Pore femora without a black blotch on the inner side. 

1. Choeradodis strumaria. 

Madamo Mcrian, Ins. do Surinam, 1726, tab. 27, ? ot nymph, 
lioesel von Rosenhof, Dor monatlich-her’ausgogobcnon Insecton Bclustigung, 2ter 
Thcil, 1749, Locust, tab. Hi, fig. 1 et 2 , <j} et nymph (copied from Moriun). 

A[antis strumaria, Linn., Syst. nut. Ins. t. i, pt. ii, 1707, p. 691, no. 13, ?. 

- - Fabr., Ent. Syst. ii, 1793, p. 18, no. 21 . 

? - eancellata, Fabr., 1. c., 23. 

-, Stoll, Spectres et Mantes, pi. xi, fig. 42, $. 

-, Lichtenstein, Trans. Linn. Soc. Lond. vol. 6 , p. 25. 

Choeradodis eancellata , Serville, Hist. nat. dcs Orthopt. 1839, p. 206, ? . 

Craurum eancellata , Burmeister, Handb. d. Entom. 1839, Band ii, p. 542, t (Syn. 
Serv. et Stoll, fig. 75, oxclus.) 

Choeradodis eancellata, Saussure, Mant. Americ. p. 19, 9 . 

Hab. Cayenne (9 , Serville) ; Surinam ( ? , Merian, Stoll ; & 9 , 
Saussure), 

B. Fore femora with a black blotch on the inner side. 

(a.) The blotch on the lower half of the joint (American). 

In the females of the following two species, the posterior angles of 
the pronotal expansions are broadly rounded and are not produced backwards 
beyond the level of the hinder end of the primitive pronotum. 

2. Choeradodis rhombicolus. 

Mantis rhombicollis, Latr. in Yoy. do Humboldt, Zool., Ins. p. 103, pi. 39, figs. 2, 

3, 
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Choeradodisperuviana, ServiUe, Hist. nat. dos Orthopt. 1839, p. 207, g. 

- strumaria, Stiil, Syst. Mont., 1877, p. 15, $ ?. 

The blotch commences, in both sexes, near the base of the femur, 
extends through the ungual groove nearly to the middlo of the joint, and 
is there succeeded by a marginal row of black points in contact with the 
bases of alternate spines. 

ILvn. & 9, Guayaquil, in the collection of the British Museum; 
nymph, Santa Fd de Bogota, in the collection of tho Indian Museum, 
Calcutta ; Now Granada ( & 5, Stiil). 

3. ClIOERADODTS SICRVILLEI, 11. sp. 

9. Closely allied to the preceding, from which it differs in having 
the marginal Held of the togmina proportionately narrower, and in the smaller 
size, as well as in the different shape, of the femoral blotch, which is 
small and oval, commences just beyond the ungual groove, and is follow¬ 
ed by a marginal row of small black points. 

IIaii. 2 9, Cache, Costa Bica, in the collection of Messrs. Godinan and 
Salvin; nymph, Chiriqui, in the collection of the Indian Museum, Calcutta. 

In the females of tho next two species, and in all probability in those 
of Ch. rhomboidea also, tho posterior angles of the pronotal lamella! are 
rounded-angulato and produced backwards so that the hinder end of the 
primitive pronotum projects in tho bottom of an angular cmargination. 

4 Choeradodis daticollts. 

Choeradodis laticollis, Servillo, Itovuo p. 21; Hist. nat. des Orthopt. 1839, p. 208, 
pi. iv, fis. 2, ? . 

.— Saussuro, Mantes Americ. p. 20, $. 

■ ■ ' — strmuaria, Id., ibid. p. 18, g . 

-— laticollis , 8tul, Syst. Maul. 1877, 17, 9 • 

* The blotch is situated, in both sexes, just beyond the ungual groove, 
is oblong-rhomboidal in shape, and is followed by two black points on the 
bases of alternate spines ; there is a fuscous speck at the end of the stig- 
matal spot of the tegmina ; and the antero-latcral margins of the pronotal 
lamellae are*arcuate or convex, especially in the female. 

Hab. 5 J, 5 9, Ecuador (Buckley), in tho collection of the Indian 
Museum, Calcutta; Peru (9, Stul) ; Cayenne (9, Servillo et Stal) ; 
Surinam ( $ , Saussure). 

5. Choeradodis stalii, n. sp. 

Differs from the preceding in tho shape of the blotch (which is 
pointed at both ends and commences in the ungual groove, and on either 
side of which the femur is pale lutcous-yellow instead of being clouded with 
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fuscous) ; in being without a fuscous speck at the distal end of the 
stigma ; in its shorter and differently shaped facial shield ; and in having 
the antoro-lateral margins and the lateral angles of tho pronotal expan¬ 
sions sinuous-concave and more broadly rounded off respectively. 

Hab. 1 $ , 4 ?, Ecuador (Buckley), in the collection of the Indian 
Museum, Calcutta. 

6. CnoEBADOins biiombotijea. 

Mantis rhomboidca , Stoll, Spectres et Mantes, pi. xi, fig. 45, $ . 

The male insect from Para, in the British Museum, agrees neither with 
Saussurc s description (loc. supra cit. p. 18), nor with any of the specimens 
in the Indian Museum; it more nea dy approaches Stoll’s figure, agreeing 
therewith in the point** in which it differs from them. 

The blotch commences in the ungual groove, thence extending as far 
along the femur as in tho preceding four species, but it is not followed by 
a marginal row of black points. The pronotal lamella* ha/e no posterior 
angles. 

Had. £, Para, in the collection of tho British Museum A nymph, 
from Ega, in the same collection, probably also belongs to this specie®. 

This species is nearest allied to Oh. laticollis. 

(/3 ) The blotch on the upper half of the joint (Indian.) 

7. Cuoeiiaixvms squilla. 

P Mantis cancellata, Fabr lint. Sy*>t II, 1793, p. 18. 

Chat rattodu squilla , Saussuro, M61. Oithopt. t i, 3mo fuse. p. 161, pi. iv, figs. 3, 
3a, $ ot nymph. 

— —— Lucas, Ann. Entom. Soc. Fr. 5 &cr. t. ii, 1872, p. 32, $ . 

Hab. India generally, from Ceylon ( et nymph, Saussure ; larva, 
in T. M. Calc.) ; Madras , Lucas) ; Central India (in coll Hop. Oxon.) ; 
to the banks of tho Killing Ilivcr, in tho N. Khasi Hills, on tho N. E. 
Frontier (nymph, A. W. Chcnnell). 

Ohs. A specimen of this species in the British Museum is errone¬ 
ously marked “ Brazil.” 
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More than ten years have elapsed since the last number of these ‘ Con¬ 
tributions’ was published.* The time that I have been able to devote to 
Zoology in th'fe interim has been occupied with other subjects, and several 
forms of Indian land-shells that have been in my possession for years have 
remained undeseribed. Of a number of these, I had drawings made some 
years ago, and several of tho figures that accompany the present paper were 
included in a plate prepared for publication as long since as 1871, but 
never lithographed. 

These ten years have seen so many additions to the literature of Indian 
land and freshwater shells that the whole aspect of the study has been 
changed. Foremost in importance are the late Dr. Stoliczka’s papers in 
this Journalf on the anatomy of several forms of Helicidcs. The un¬ 
timely-death of Dr. Stoliczka, one of the most able and energetic workers 
who ever devoted his attention to Indian Mollusca, has prevented the 
design ho had formed of publishing a monograph of Indian Cyolostomucea 
• J. A. S. B., 1870, xxxix, pt. 2, pp. 9—25. 
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from being carried oub. A considerable number of drawings bad been made 
for the work, in the preparation of which I had agreed to join, but of these 
drawings the most important, those representing the anatomy of the various 
genera, are not, I fear, sufficiently clear for publication in their present 
form, and notes to explain them aro wanting. Some of the most useful 
of Dr. Stolicxka’s anatomical studies, those on the structure of various 
Helicidce, have, however, I am much pleased to say, been continued by 
Colonel Codwin-Austen with important results. 

The same decado has seen the completion of a series of illustrations, 
many of them well executed, of Indian land and freshwater shells, the 
‘ Conchologia Indica’ of Hanley and Theobald. The work is mainly due 
to Mr. Ilanloy, upon.whom the whole of the editorial labour has fallen, 
Mr. Theobald having been absent in India during the publication. Whilst 
it is impossible to avoid regretting that more complete illustrations of most 
of the species have not been given, and that some additional details havo 
not been furnished in the accompanying letterpress,* it is unquestionable 
that the plates are a valuablo contribution to the knowledge of Indian Mol- 
lusca. 

Two other rather important works on Indian land and freshwater 
shells have been issued since the completion of the * Conchologia Indica.’ 
One of these is Mr. Theobald’s ‘ Catalogue of the Land and Freshwater Shells 
of British India’f, the other, Mr. G. Nevill’s * Hand-list of the Mollusca 
in the Indian Museum, Calcutta’, Part I.J The value and accuracy of the 
first-ne.med work are unfortunately seriously diminished by the great num¬ 
ber of misprints, errors, and omissions, partly due to the author’s absence 
from Calcutta when the list was printed. Five quarto pages in small print 
are filled with additions and corrections ; this list, however, is not only far 
from being exhaustive, but contains some additions to the catalogue of 
mistakes. § The ‘ Notes on the ‘ Conchologia Indica,’ ’ p. 50, contain some 
important corrections of localities cited in that work. 

* Ono most important omission might yet perhaps bo rectified. A largo number 
of the figures are from types, or from typical examples, and, in such cases, if tho figure 
is correct, there can be no question as to tho determination of the spcciqs. But many 
of the figures aro from shells that, although doubtless in general correctly identified, 
arc not the specimens originally described, nor oven in all cases from the same locality. 
A list of the figures taken from actual typos would bo useful in cuses of disputed iden¬ 
tity. 

f Calcutta, 1876, published by Thacker, Spink and Co. 

J Calcutta, 1878. 

§ To justify my criticism of my friend Mr. Theobald’s ‘Catalogue’, I will give two 
instances of the errors it contains. At p. 15, the gonus Omphalotropis (with two Bpecies 
0. distermina , B. and 0. aurantiaca , Desh., is placed in the family JRisaoidae, subfamily 
Pomatiopsinae. At p. 43, the same genus Omphalotropis (with but one species 0. dialer - 
mitto, B.) is repeated as a member of the family Helicinide, subfamily Hydroceninae, 
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Mr. Ncvill’s 1 Hand-list of the Mollusca in the Indian Museum* is espe¬ 
cially important for the large number of localities given. In some few 
instances (asin all such lists), some names will be found to require revision^ 
and one or two instances will be given in the present paper. I have already* 
expressed my reasons for dissenting in some respects from the classification 
adopted. But it would be unfair to convey the impression that mistakes 
are numerous, indeed, considering that Mr. Nevill had not the advantage of 
correcting the proof-sheets himself, errors, so far as I have examined the 
work critically, appear singularly few in number, and in many points the 
classification adopted for the Helicidcc of India is a considerable improve¬ 
ment on anything that had previously been published. At the same time, 
there is, I believe, very much more to bo dono bcl'owj those puzzling shells 
are properly arranged.f 

In the various works just mentioned, some species are quoted by names 
given by me, at various times, in manuscript, but never published. Of 
these forms I Jiave given descriptions in the following pages. In several 
instances, the shells have been figured in the ‘ Conehologia Indica.’ One 
form thus figured (Spiraculum masters i), l have already described in this 
Journal (vol. xlvi, 1877, pt. 2, p. 313), and two other species ( Cremnocon - 
chus fairbanki and Corbicula iravadica) represented in the same work 
require explanation. To facilitate reference, this is given below under the 
name of each shell. 


This mistake is not corrected in the long list of ‘ Addenda ct Corrigonda.’ To 
show how grave the error is, it is only necessary to mention that tho llissoidae aro as 
distinct from the Ilelicinidae in organization as aro tho Littorinidae from tho Nerttidae , 
and that Omphalotropis has been clearly proved to belong to neither, but to tho Cyclos- 
tomidae (8oo Ann. Mag. & Nat. Hist. May, 18fi5, ser. 4, vol. iii, p. 341). Moroover, 
tho Indian locality of Omphalotropis aurantiaca had been shewn to bo erroneous by 
Hadley in tho ‘ Conehologia Indica.’ The error was long since suggested by Benson 
(Ann. & Mag. Nat. Hist. Sept. 1851, sor. 2, vol. viii, p. 194). 

The other error that I shall notice occurs in tho ‘ Addenda et Corrigenda’ and runs 
thus:—“Pago 15, add Acmhlla ifYDiuA, Cmdwin-Austen. North East Bengal.” The 
reference quoted is ‘ Minutes of tho Trustees, Imperial Museum,’ Calcutta, vol. vii, 
p. 162. Now tho minutes quoted aro not published, but merely printed for record, 
and tho notices contained in them of additions to the Museum are mere lists of the names 
that happen to be attached to specimens, inserted without any attempt at verification. 
Precisely tho sarno is tho case in tho ‘ llcgistor’ at tho British Museum. Had Mr. 
Theobald looked at tho specimens, or had he made any enquiry about tho sholl, ha 
would, I think, have easily learned that no Huch name as 4 Acmella hydria' was ever 
published, and that tho shell so-called, was, if £ urn not mistaken, Tricula montana. 

* Proc. A. S. B., 1879, p. 55. 

t For instance, I cannot holp doubting whether any of the numerous forms refer¬ 
red by Mr. Nevill to Microcystis are roally congeneric with II. ornatella the type of the 
genus. • - 
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Of the remaining species here described, the majority have been collec¬ 
ted by Colonel Beddome in the hill-tracts of Southern India. Some of these 
were sent to me as long as 9 or 10 years ago, others have been received more 
recently. I feel that 1 owe many apologies to Col. Beddome and to the 
other gentlemen, Dr. Anderson, Col. Evezard, and Col. Godwin-Austen, 
who have kindly entrusted me with the description of their discoveries, for 
leaving these so long unnoticed. 

The plates accompanying the present paper .arc unfortunately deficient 
in many respects. Several species are not represented, and some of the repre¬ 
sentations given arc far from being good. The original drawings were, in 
all cases, excellent, but some of them may, after being kept for several years, 
have become indislinetrin parts, and as the lithographer had not the shells 
for comparison, he may have misunderstood the details. The larger shells 
represented in plate iii. are fairly well delineated, but several of the small 
forms in plate ii. are more or less faulty. 

The importance of a careful study of tho anatomy ia the different 
forms of llelicitlcc has already been mentioned. Very much remains to be 
done before anything like a correct classification of the family can be prac¬ 
ticable. That all the forms referred to Nanina (a-name which has no 
claim to recognition) must bo separated from Helix is clear enough; the 
animals belong to different subfamilies at least, but it is by no means cer¬ 
tain how many real generic groups there arc in the so-called Nanina. I 
suspect that Macrochlatnys , very possibly with some of the forms referred 
by Stdliczka to Sotula* will have to be separated gcncrically from another 
group comprising the sections Unown as Hemiplecta and Ariophanta, which 
are very closely allied to each other, and which are probably congeneric 
with Xesta and several other forms. For the present, 1 have simply refer¬ 
red the species described to the sections to which they appear to belong, as 
Stoliezka did, but I am by no means prepared to follow him in accepting 
such sections as of generic rank. The difficulty is to determine what generic 
name or names should be adopted. Nanina is utterly bad; it offends every 
law ; the name had been used previously by Kisso;+ the type is tho same 
as that of Benson’s genus Macrochlamys ; and the term is objectionable on 
account of its signification. All this has been pointed out by Martens,! 
but still he and others employ the name because it has crept into use. 
Now, in such difficult matters as theso generic terms, unless rules are 
strictly attended to, utter confusion must result, and undoubtedly it 
has resulted. When, however, a search is made for a better found¬ 
ed term then Nanina, endless difficulties are encountered. The ear- 

* These appear, however, to dcsorvo distinction from truo Sotula, see after. * 

t See Stoliezka, J. A. S. B., 1871, xl, pt. 2, p. 47. 

t Albors Heiiceon, 2*e Ausgabo, p. 46, whero tho synonyftiy is fully discussed. 
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best name is Ilelicarion of Fcrussac (1822), but it is far from clear 
that this is not generically distinct from both Macroclilamys and Ariophan - 
ta. The next term is Stcnopus of G uilding (1828), applied to a West Indian 
shell. This genus is evidently closely allied to the so-ealled Nanina: tho 
only distinction pointed out by H. and A. Adams* is that the solo in 
Stcnopus is narrower than the sides of the foot, but this does not hold good 
universally.f A better difference is probably the position of the genital 
orifice, which appears to he, in Stcnopus, some distance behind the head, as 
in Zonitcs, and not just behind the right tentacle, as in ‘ Nanina' After 
Stenopus follow Macroclilamys of Benson (1832) and Ariophanta of Des¬ 
moulins (1833), tho first founded on II. indica (Benson ncc. Pfr.), believ¬ 
ed by many authors to be tho same as II. ritrinoidat, the second founded 
on H. licvipes. The name Nanina was given in 183 fc. My impression is 
that Ilelicarion, Macroclilamys, and Ariophanta will have to be accepted as 
genera, Nanina being merely a synonym of Macroclilamys. 

I must apologize for talcing up space by repeating what has been often 
written before, but it is only right to explain why I now describe as llcmi - 
plccta h Euplecta, &c. shells allied to others formerly in those ‘ Contributions’ 
called Nanina. 

1. Ahiopiianta nniETiiTA. Plate III, Fig. 4, 4 a. 

Nanina (.Ariophanta ) inimerita, W. Rlnnf., J. A. 8. 71., 1870, xxxix. pt. 2, p. 17. 

Helix immerita , Pfr., Mon. Hoi. vii. p. 128; Hanley & Thoobald, Couch. Ind. pi. 
cl, fig. 7. 

This shell was originally described from an immature spocimefl, and 
the same was figured in tho ‘ Conchologia rndiea.’ Subsequently, (Jol. Bed- 
dome obtained an adult shell from the same locality, South Canara. Of 
this example a figure is now given. The species only differs in sculpture 
from A. inberrupba, which is found in various parts of Bengal J and Orissa, 
and bas been procured by Col. Bcddomo as far south as the Golcoudah 
range of hills in Vizagapatam. The two forms replace each other in the 
eastern and western parts of the Indian peninsula, precisely as do their 
allies A. Icevipes and A. laidtayana. 

• 2. Oxytes sylvicola, sp. nov. 

Testa perforata, depressa, carinata, solidula, olcoso-micans, cpider- 
mide crassiuscula ohtecta fulva vel luteo-fusca, striis obliquis increments 

• Gen. Rec. Mollusca, ii, p. 221. 

t £■ in Macrochlamys , some forms of which at loast havo tho central tract nar¬ 

rower than lho lateral. 

+ Amongst tho localities given in tho ‘ Hand-list of Mollusca in tho Indian 
Musdum,’ part i. p. 10, is Singhar. This cannot be Sinhgorh near Poona, in tho Doc- 
can. 
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atque lineis impressis minutis spiralibus subdistantibua superne decusmta 
(nuclco sublasvigata ), suit us laevior aed distinctc decussato-atriata. Spira 
parum elcvata depresso-conoidea, fere convexa , apice obtuso , suturd linearly 
antice vix impressd. Anfr. 5 3-, sensini accrescentes, primi planulati, ultimi 
convexiusculi, ultimas hand dcscendens, subtus convexus, modice injlatus t 
aed infra carinam, nisi juxta aperturam, Icviter comprcssm. Apertura 
obliqua, anqulnta-lunaris, intus livido-albida; peristoma acutum, intus sub- 
incrassato-labiatum, marginibm callo tcnui junc&is, columellari curvato, 
b rev iter rejlexo. Diam. vuij. 32, min. 29, axis 17 mm. Apert. lG* mm. 
lata , 13 i oblique alia. 

IIab. In montibus * Burail Range* dictis, ad all;. 3000-4000 pedum, 
in provincia ‘ North Caehar’ Bengalis oricntalis {II. H. Godwin-Austen). 

Shell perforate, depressed, carinate, not very thin, having a greasy 
lustre, and a thick epidermis, tawny or yellowish brown, marked with ob¬ 
lique raised striae of growth decussated by fine subdistant spiral impressed 
lines above (the nucleus almost smooth), and with fainter radiating stria} 
and concentric impressed lines below. Spiro but little raised, almost con¬ 
vex, dopressedly conoid, apex obtuse, suture linear at first, but slightly im¬ 
pressed near the mouth. Whorls 51, gradually increasing, the inner nearly 
flat above, the outer slightly convex ; the last not descending, convex and 
moderately swollen below, but slightly compressed just below the keel, 
except near the mouth. Aperture oblique, angulately lunate, a little 
broade# than high, pale livid within. Peristome sharp, with a slightly 
thickened lip inside, the margins joined by a thin callus, columella^ mar¬ 
gin curved, reflected for a short distance at the perforation. Major diameter 
126 inches, minor 1*14, axis O'G9, breadth of aperture 0 65, height (measur¬ 
ed obliquely) 0 53. 

There is a very remarkable rcscmblanco between this shell and i^iat 
described by me as Nanina Icoondaensis (J. A. S. B., 1870, xxxix, pt. 2, 
p. 16, pi. iii, fig. 12), yet I am by no means sure that both belong to the 
same section or subgeneric group. AT. koondAenais is an ally of AT. indica 
(Pfr.) and AT. shiplayi , shells doubtless nearly allied to Hnyiplecta , and 
very possibly belonging to that subgenus, but hitherto referred to Hotula,* 
or to other sections. O. sylvicola is larger, more solid, and covered with 
a distinct epidermis, and the sculpture is less granulate above, the spiral 
impressed lines being more distant. 

I have seen but one specimen of O. sylvicola , for which I am indebted 
to Col. Godwin-Austen. It is figured here. Other specimens, I learn, are 
larger. 


* Stoliczka, J. A. S. B., 1871, xl, pt. 2, 231. 
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3. Hgmiplecta tino stoma, sp. nov., Plate III, Fig. 1. 

Testa angnste umbilicata , eoneexo - depressa , confertim striis spiralibus 
minutis lineisque incrementi decussata ; Jutva, lined pallidd angustd supra 
peripheritm, alterd fused infra, cincta; sub t ns pall id ior , Iwcior, nitidnla. 
Spirit conocxa, a pice obtuso, suturd priinuin l inear i, antice impressd. Anfr. 
5, planiusculi, sensim accrescentes; ultimas conrcxior, antice latior sub- 
ascendens, ad peripheriam angulatus, sublns concexus, aperturam versus 
phmulatns. Apertura obiiqua, nuilto latior quoin alia, lunato-oblonga, 
intus albescens, fascia peripherals albidd conspicud ; peris/omatis inargini- 
bus subparallel is, callo tenui junetis, basali a/bo, recto, crassiusculo, loiigc 
obliquo, ad nmbilicum subrejlexo, supero arcuato, Inciter injlexo. JJiam. 
maj. 50, min. 39, axis 21 mm. ; apert. 28 mm. lata, 18 oblique alia. 

Hah. In montibus ‘ Tinnevelly Ghats’ dietis India) meridionalis, ad 
latus orientalo provincial Travancove {II. Beddome). 

Shell narroVly umbilicate, convexly depressed, closely decussated with 
fine spiral striie and lines o£ growth, smoother beneath, yellowish brown 
above, "paler below, surrounded by a narrow pale line just above tho peri¬ 
phery and a dark Hue below. Spire convex, apex obtuse; suture at lirst 
Hat, becoming impressed towards the mouth. Whorls 5, the lirst nearly 
flat; the last convex above, becoming more so towards the aperture, where 
it is rather broader and rises a little ; below, tho shell is convex, but flatten¬ 
ed near the mouth, and the greater breadth of the last whorl nejir the 
aperture is more conspicuous than above. Aperture oblique, much wider 
than high, brownish livid, with a whitish enamel within, tho pale peripheral 
band being conspicuous ; perhtome slightly sinuate, tho upper and lower 
margins nearly parallel, the former slightly in fluxed, the latter oblique, 
straight, white, and somewhat thicker than the other margins. Major 
diaftietcr 2 inches, minor 1*55, axis 0 - 85; breadth of aperture 1*1, height 
(measured obliquely) 0'72. 

This shell somewhat resembles H. basilessa and II. beddomei, but 
differs from both in the peculiar form of the aperture and the great flatten¬ 
ing of tho *last whorl beneath. The tine, decussated, almost granulate 
sculpture of the present species, and the less rapid increase of the last 
whorls would serve to distinguish it from either of tho forms named, even 
if the peculiar shape of the aperture proved to be an individual peculiari¬ 
ty—not a very probable supposition, as there is a faint approach to tho 
same change of form in the last whorl in II. basilessa.. 

But a single specimen has been procured by Col. II. Beddome, and 
entrusted to mo for description. This shell was obtained on the Tin¬ 
nevelly Ghats, between Tinnevelly and Travancore, at a spot east of Papa* 
nassam, and at an elevation of 5009 feet. 
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4. IIemiplecta E2TISA, sp. nov., Plato III, Fig. 2, 2a. 

Testa anguste umbilicata , depressa, subcarimta , fulvo-castanea, subfus 
pallidior; fascia exigud pcripnerali albuld drcumdata, confertim striis 
incrementi lineisque minutis spiralihtis subgranulatim dccussata, 
wnbilicum leevior. Spira depresso-convexa, wpice obtuso, suturd primum 
lineari, antice impressd. Anfr. 4J , planiusculi, sensim accrescentes: ulti¬ 
mas superne magis convexus, peripheriain subangulatus, antice latior , 
subtus convexus,juxta aperturam paululo compressus. Apertura obliqua, 
latior quam alta, lunato-oblonga, supra peripheriam subangulata, 
pallide livida, fasc id peripherali albesccnte conspicud ; peristomatis mar - 
ginibus subparallelis, 0 edilo tenui granulato junctis, supero externoque 
arcuatis, haud injlexis vel incrassatis, basali albo, recto, obtuso, longe obli - 
gwo, rtJ wnbilicum subrejlexo. Diam, maj. 42 i, min. 36, axis 20 mm. ; 
apertura 23 lata, 17 oblique alta. 

IIae. In montibus ‘ Aghastyamullay’ clicfcis, inter pj’ovincias Tinne- 
vclley atquo Travancorc, in India mcridiouali (II. Bed dome). 

Shell narrowly umbilicate, depressed, subcarinatc, yellowish chestnut, 
paler and dull yellow below around the umbiliens, surrounded by a narrow 
pale hand, which is only well marked near the mouth ; the sculpture is lino 
and subgranulate, formed by decussating striae of growth and fine spiral 
lines, the latter disappearing below near the umbilicus. Spire depresscdly 
convex, apex obtuse; suture linear, and not impressed, except in the ante¬ 
rior half of the last whorl. Whorls 4*, all except the last flat, gradually 
increasing ; the last whorl moro convex above, especially towards the mouth, 
where it is slightly broader, subangulate at the periphery, convex below, 
but a little compressed close to the mouth. Aperture oblique, broader than 
high, lunately semioval, subangulate at the upper portion of the outer edge, 
pale livid within, with the narrow whitish band along the blunt keel very 
conspicuous. The peristome is not thickened, except very slightly along 
the basal margin, which is white, oblique, and straight for a considerable 
distance, being very slightly reflected at the umbilicus; the other margins 
are regularly convex, the upper and lower margins being subparallel; the 
callus connecting the free margins of the aperture is thin, but granular. 
Major diameter 1*72 inches, minor 14, axis 0;S ; aperture 0 95 inch broad, 
0G8 high (measured obliquely). 

Col. Beddomo has sent to me two specimens of this shell, one adult, 
the other not quite fully grown. The species is near H. tinostoma, but is 
considerably smaller, and the peculiar flattening and compression of the 
last whorl, near the mouth, is far less, the aperture being, in consequence, 
not nearly so broad in proportion to the height. Aupther allied form, also 
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from Travancore, is II. basilessa ; but this is a thicker shell, with broader 
whorls and rather a thick lip to the aperture ; tho sculpture, too, is differ¬ 
ent. None of the remaining species of Hyniplecta occurring in tho Mala¬ 
bar province have the mouth compressed. 

5. Xestina* albata, sp. nov., PI. Ill, Fig. 3, 3a., 3b. 

Testa angustissime atquc subobtecte umbilicata, depresso-ylobosa, soli- 
diuscula, ruyoso-striata, lineis impresses distant ibus spiralibus superno 
circumdata, albula, eburnea. Spira depresso-conica, apicc obtuso, suturd 
impressd. Anfr. 5.J-, conoeximculi, sensim accrescvntes, primi translucen- 
tes, subheoiyati; ultimas primum, nee ant ice, ad peripheriam subangulatus, 
apart uram versus latior, vix descendens , sub tun subinjfutus. Apertura obli- 
qua, late lunaris; peristomata superno simplici, ext us subtusque subrejlexo , 
juxta umbiliemi rejlexo atque subincrassato, margine basali arcuato. JJiam, 
maj. 29, min. 23 a, axis 17 i mm.; apert. ini ns 15 lata, It oblique alia. 

11ab. Ad JPapanassam, in montibus ad latus occidcutalo provincial 
Tinncvelly, India; mcridionalis (I/. Bcddomc). 

m 

Shell very narrowly and subobtectly umbilicate, doprcssedly globose, 
subangulatc at tho periphery, rather solid, ivory-white, tho surface wrinkled, 
forming a coarse oblique striation across the whorls, with lino spiral distant 
impressed lines on the upper surface only of the two last whorls. Spiro de- 
pressedly conical, apex obtuse, suture impressed. Whorls 5.}, slightly convex, 
regularly increasing, the iirst almost smooth and translucent; the last 
whorl at first subangulatc at the periphery, the angulation disappearing 
some distance behind the mouth, the lower portion inflated near the aper¬ 
ture, which is oblique and broadly lunate. Peristome simple above, subre- 
lleeted on the outer and basal margins, rather thicker and turned back near 
the umbilicus, which it partly covers; the basal margin is curved forwards. 
Major diameter 1*5 inch, minor 0*95 axis 0*7; breadth of aperturo inside 
0 G, height (measured obliquely) 0’5G. 

This form is allied to X. maderaspatana ( Helix maderaspatana, auct.), 
but it is thicker, much more coarsely sculptured, and white in colour. Tho 
peristome too is slightly reflected. There is some resemblance also to X. 
be]angeri in form, but the mouth is somewhat differently shaped, and the 
sculpture of X. albata is coarser. X. helangeri appears to bo a near ally 
of X tranquebarica, semirugata, and hombayana, forms differing in shape, 
but so variable and so closely allied that it is very doubtful whether they 
really merit distinction. All of these forms havo a horny shell differing 
from the ivory-white substance of tho species now described. 

* Pfeiffer, J. B. Jahrbuch d. Mai. OSes, v, p. 267. 
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But a single specimen has been sent by Col. Beddome. I think I have 
seen the same, or*a very similar form, from either the Pulneys or some 
other range of Southern India; but I cannot find specimens in my collec¬ 
tion. 


6. Euplecta vidua. Plate II, Fig. 5. 

Helix vidua, W. Bl., MSS.; Hanley, Conchologia Indica, pi. cxxx. figs. 2, 3. 

Nanina climaeterica, Bens., var. vidua, Novill, Hand-list Mollasca, Indian Museum, 
Calcutta, pt. i. p. 30. 

Testa imperforata , conoideo-depressa, supeme oblique confertim atque 
arcualim jlliformi-costulata , subtus laevigata, polita, radiatim striatula, 
supeme pallide cornea, subtus pallidior. Spira depresso-conica , lateribus 
subrcctis, apice acutiusculo, suturd imprcssd. Anfr. 8, convexi, arcti, lente 
accrescentes ; ultimas supeme ad peripheriam angulatus, ant ice vix descen¬ 
ded, subtus convexus. Apcrtura obliqua , lunaris, latior quam alta. Peris¬ 
toma obtusum , leviter sinuatum, intus vix albo-labiatunf, margine basalt 
arcuato, columellari vix reflexo. Diam. maj. 17, min. 15 .j, axis 91, mm. 

Hab. In montibus Garo Khasi ot Naga dictis, vallem Asstftnensem 
meridiem versus contingens ( Masters, Godwin-Austen). 

Varietas minor , depresso-turbinata, spird conicd. Diam. maj. 14, 
min. 121, 9 mm. (PI. II, Fig. 2.) 

Hab. Cum prsecedente. 

Shell imperforate, conoidly depressed, above ornamented with oblique, 
close, and arcuate fine hair-like costulation, smooth and marked with radia¬ 
ting stria) below; palo horny, paler beneath. Spire depressedly conical, the 
sides nearly straight, apex rather sharp, suture impressed. Whorls 8, convex, 
narrow, slowly increasing in size, the last angulato above at the periphery, 
scarcely descending towards the mouth, convex below. Aperture oblique, 
lunate, broader than high. Peristome not sharp, slightly wavy, with a very 
slight white thickening inside, the basal margin curved forward, the colu- 
mellar scarcely reflected. Major diameter 0 67, minor 0 62, axis 0158 inch. 

The above is the typical form; but there is a smaller vaficty, depress¬ 
edly turbinate in shape, with the spire conical, measuring 0 55 inch in its 
major diameter and 0'36 in height. This form passes by insensible grada¬ 
tions into the type. 

The shell represented in the * Conchologia Indica' is intermediate 
between the two varieties here described and figured; the apex in the 
‘ Conchologia* figure is more prominent and blunt than in the specimens 
now before ine. These were procured from the Naga hills, south of Gola 
Ghat, Assam, by Mr. Masters in 1859 ; other specimens were subsequently 
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found on the Garo, Khasi, and Naga hills by Colonel Godwin*Austen. The 
shells from the Khasi hills have the filiform costulation on the upper sur¬ 
face finer and less regular than those from the Assam side of the Naga 
hills. In Khasi shells 2, 3, or 4 ribs occur at nearly regular intervals, and 
then a rib appears to be omitted ; this is not the case with those from up¬ 
per Assam. 

The species scarcely differs from E. omatissima, found on the other 
side of tho Brahmaputra valley at the baso of the Sikkim hills, except in 
being imperforate. E. climacterica, of which Mr. Nevill considers the 
present shell a variety, is always sharply keeled at the periphery. The two 
forms may pass into each other, but I have never seen any intermediate 
links ; and as they differ from each other much mor^ than E. vidua does 
from E. omatissima , or E. climacterica from E. austeni, it is better to 
have distinctive names for them. 

I am indebted to Col. Godwin-Austen for the following note on the 
animal of E. vidua observed at Cherra Poonjeo, Khasi hills. 

“ Animal o!i a neutral grey tint about the neck and oyo-tontaclos, which 
are rather long and fine, the oral tentacles are also of a dark tinge. Extre¬ 
mity of foot truncated, with mucous gland. Body long and thin. No 
tongue-like processes to the mantle observed.” 

The genus Euplecta was proposed by Semper # for two Ceylonese shells 
Helix subopaca and II. layardi. The latter of these is referred by both 
Theobaldf and NevillJ to Situla , a position which is scarcely tenable, for 
the animal of II. layardi is destitute of shell-lobes, whilst these are present 
in Situla§ ; and the odontophores are very different, neither tho shape nor 
number of the teeth being similar. At the same time, I am rather doubt¬ 
ful whether H. layardi should not be placed in a separate section from JET. 
subopaca on account of differences both in the shell and odontophore. The 
last-named species, however, is, 1 think, to bo accepted as typo. It is great¬ 
ly 6o be regretted that Semper should have adopted so loose and uncertain 
a proceeding as to name two distinct forms as types of one genus. In such 
a case, the only plan is to take the first-named—in this case, H. subopaca — 
as the type of Euplecta. • 

The genus is thu3 defined by its author in German:— On the mantle 
edge only neck-lobes are present, the left is divided into two separate lap. 
pets (as in many Helices). Above the caudal gland there is a short horn. 
The shell entirely exterior, ribbed or striated above, smooth below. On the 

* Roisen im Archipol der Philippines 2te theil, Wis. Res. vol. iii, p. 14. 

f Cat. p. 20. 

X Hand-list, p. 34. 

} See, for description of the animal and odontophore of Situla (or Oenulsma , which 
is the same), Stoliuzka, J»A. S. £., 1871, vol. xl, pt. 2, p. 
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genital organs a cylindricalfemale supplementary gland (Anhangsdriiso) with 
a cartilaginous point (analogous to the dart ?) ; on the vas deferens (Samen- 
loiter) a closed appendage , in which calcareous concretions are formed , and a 
flagellum . 

Tlio odontophore is not noticed in the generic description. In E. sub - 
opaca, the number of teeth in each cross-row is about 100, central tooth 
tricuspid, the neighbouring laterals 12 in number distinctly bicuspid, from 
the 13th to the 21th almost without a trace of the little lateral point, which, 
however, reappears in the outer laterals. Euplecla belongs to Scmper’s 
subdivision Ceratophora with a horn-like lobo above the caudal gland, and 
the sole of the foot divided into a central and two lateral regions as in 
Macrochlamys (and Stpnopus). 

In the characters of both shell and animal, so far as wo know the 
latter, there is a rcmarkablo resemblance between E. subopaca and E. 
vidua. Tho connection between E. vidua and E. cliniacterica has already 
been noticed, and in tho latter the odontophore (of which Col. Godwin- 
Austen has kindly furnished me with notes and drawings) agrees very 
closely with that of E. subopaca. Tho following is a description of the 
teeth in E. cliniacterica : — 

“ Median tooth tricuspid, tho central point very long, the lateral cusps 
very small. Tho first 14 laterals are long and broad with a single short 
small cusp on the lower outer margin, the 25 outermost are long narrow, 
curvilinear, bicuspid, the outer point the shorter, being less than half as 
long as the inner. Jaw slightly curved, the front edge a little convex.” 

The number of teeth in a row is apparently 79. A sketch shows that 
tho form of both central tooth and laterals is very similar to that in E. 
subopaca. 

Euplccta is by Semper classed apart from JRotula. The animal of tho 
type of this latter gonus (i I. detecta, from Bourbon) is still unknown. Sem¬ 
per has described the anatomy of two very different species, and thero is no 
proof that they are congeneric. It is also extremely doubtful whether, of 
the forms referred to JRotula by Stoliczka,* any belong really to the section ; 
and ^am disposed to believe that Nevill was right in removyig them in 
his ‘Hand-list,’ where, however,f ho simply classes them in Nanina without 
specifying any subgeneric group. Judging, it is true, chiefly from tho shells, 
I should class the following Indian and Burmese species in Euplecta: — 

Helix ponsa,% Benson ; from Burma. 

* J. A. S. B., 1871, xl, pt. 2, p. 231; 1873, xlii, pt. 2, p. 14. 

f 1. c. pp. 28, 29, 30, &c. 

% I find this short note on specimens of this spocios obtained in upper Burma in 
1861:—Animal of tho vitrinoides type, but tho projecting lobo (*. e. t that above the 
caudal gland) is small. , 
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Nanina silcrigallensis, Nevill; Bengal, Behai*(Hnnd-list, p. 28). 

Helix climacterica, Benson ; Assam hills, Burma. 

Euplecta vidua, Assam hills. 

Nanina austeni , W. Bl.; Garo hills, Assam. 

N. falcate, W. Bl.; Garo hills, Assam. 

Helix ornatissima, Benson; base of Himalayas, Sikkim and Nipal. 

Helix scrrula also probably belongs to the same genus. About H. 
anceps and its near ally, H. arata, I am more doubtful; for thore aro shell- 
lobes to the mantle in the former, and the teeth of the odontophorc differ 
in several particulars.* 

As regards II. indica (Pfr. nec Benson), H. shiplayi , and H. acuduota, 
I cannot now find the notes I made many years siiyce on the animals, but 
I believe they belong to the forms allied to Ariophanta, in which the foot 
is broad with the sole undivided, and there is no pro jecting lobe above tho 
caudal gland. The shells present much rescmblanco to tho type of Albers' 
section Tlialassia. H. tugurium and II. camura from Sikkim aro still more 
like II. sulrugata from Australia, the type of Thalussia. 

7. SesabaP ingbami. 

Helix ingrami, Blanford, Hanley, Conchologia Indica, pi. lx. figs. 9, 10. 

Hotula diplmlon , 11a., partim, Theobald, Oat. Land & Flush water Shells Brit. Ind. 
p. 21. 

Nanina ( Sesara ?) diplodon , Bs., partim, Nevill, Handlist Moll. Ind. Mug. pt. i. p. 53. 

Testa imperforate, trochiformis, tenuis , diaphana,pallide cornea, minu- 
tissime atquc confertissime granulatim dccussalo-striata. Spira subconica, 
lateribus eonvexiusculi, apice obtuso, suiurdparum hnpressd , lined jilifor mi 
marginatd. Anfr. 6.j, regulariter accresccntes, vix eonvexiusculi, superiores 
lasvigati; ultimas acute carinatus, non descendens, ct supra et infra 
caAnarn compressus, basi extus decussato-strialus, atque, prmertim antice, 
aperturam versus, planulatus, intus convexiusculus atque Iceoigatus, striis 
medium versus evanescentibus, regione umbilicali impressd. Apertura dia - 
gonalis, incurvo-triangularis, intus tridentatus, dentibus lamelliformibus 
omnibus basSlibus, duobus in peristomata, uno majorifalcato intrante, extus 
convexo, in medio margins basali, alio minori obliquo subcolumcllari, tertio 
profundo, ineurvo, transversim post majorem posito. Peristoma album, 
modice incrassatum, margine basali sinistrorsum arcuato, dextrorsum sub- 
angulatim sinwato, columellari vix rejlexo. Plain, maj. Q\, min. vix 6, 
alt. 4£. 

Hab. In montibus ‘Yoma’ dictis, Pegu ab Arakan secernentibus, 
baud procul a vico Tongoop. 

* Stolic^ca, J. A. S. B., 1871, xl, pt. 2, pp. 234, 236. 
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Shell imperforate, «troehiform, thin, translucent, pale horny, very 
minutely and closely striated both obliquely and spirally, so as to be covot- 
ed, except on the upper whorls, with fine almost granular decussated sculp¬ 
ture. Spire nearly conical, with the sides slightly convex ; apex obtuse ; 
suture very little impressed, and with a filiform line above, the continua¬ 
tion of the keel on the last whorl. Whorls 6|, increasing regularly, nearly 
flat, only a little convex, the uppermost quite smooth, the sculpture grow¬ 
ing stronger on the lower whorls; the last whorl sharply keeled, not 
descending, compressed both above and below the keel, with the outer por¬ 
tion of the base flat, especially towards the mouth, and decussated, the inner 
portion moderately convex and smooth, the sculpture gradually disappearing 
towards the middle; qmbilical region impressed. Aperture diagonal, trian¬ 
gular with the sides curved, with three lamelliform teeth inside, all palatal, 
and in the basal margin : the largest is in the middle of the margin, and 
is much curved, with its convex side outwards ; it begins by forming a kind 
of thickening to the lip, and then curves away into the interior of the 
whorl; the second is smaller, oblique, and situated near to the columellar 
margin; the third is at some distance within the aperture, it is curved, and 
placed transversely behind the first. Peristome white, somewhat thickened, 
the basal margin curved forwards near the umbilical region, and angulately 
curved back near the periphery of the shell; columellar margin scarcely 
reflected. Major diameter 0 25, minor 0'23, height 0-18 inch. 

In the figure in the ‘ Conchologia Indica,' the internal tooth is not 
shown, although all the teeth are clearly seen through the semi-transparent 
base of the shell. * <, 

The caudal pore in the animal is very small, and furnished with a lobe 
in front of it, but the tail is not truncated abruptly as in Macrochlamys. 
This is the only note I can find on the soft parts. 

This shell was named in MS. in the year 18GI, and a specimen trans¬ 
mitted to Mr. Benson, who, however, doubted whether it could be distin¬ 
guished from the Khasi-hill form described by him as Helix diplodon. The 
typical specimen of the latter must, I think, have been in poor condition, for 
it was described as “ laevigata , parum striatula'\ whereas fresh specimens 
exhibit nearly the same fine subgranulate decussating striation as 8. ? ingra - 
mi, and Mr. Benson very probably, and very justly, thought that fresh 
specimens might agree with the Arakan shell in other characters. Subse¬ 
quently, fresh specimens of S. ? diplodon were obtained from tfce original 
locality by Colonel Godwin-Austen; and I find that they differ from 
8. ? ingrami not only in being minutely perforate, a character to which by 
itself I should attach little or no importance, but also in having but two 
teeth in the aperture instead of three, the internal transverse tooth of 
8. t ingrami being deficient in 8. t diplodon , whilst the other teeth are 
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t fferently shaped. The sculpture is somewhat finer in S. ? diplodon , and 
e basal margin of the aperture is subangularly concave, without the curv¬ 
ing forwards due to the transverse* portion of the larger tooth in 8. ingrami. 
The last character is well shown in the * Conchologia* figure. 

8. Macboctilamys ? platyciilamys, sp. nov., Plato II, Pig. 9. 

Testa perforata, conoideo-dcpressa , pertenuis, nitida, Iceoigata , sub lento 
obsolete stria tula ,fulvo-cornea. Spira parum elevata, apice obtuso, suturd 
levi aliquando margimtd. Anfr. 5, vix convcxiusculi, rcgulariter accres - 
ccntcs; ultimus non descenders, peripherid roiundatus, suit us convexus. 
Apertura obliqua, lunar is, lutior qnmn alia. Peristoma tenuc, simplex, 
leviter sinuatum, marginibus remotis, callo tenuissmo junctis, columellari 
brevissime verticali, perangustc rejlexo. Dimn. maj. 11, min. 9}, axis 5J. 

Animal pallia maxima indutum, duos lobos latos lingu formes emitten - 
te, qui spirant tested omnino circumtegunt. 

Hab. Ad Bombay. 

Shell perforate, conoidly depressed, very thin, smooth, and polished, 
obsoletely striated beneath the lens, fulvous horny in colour. Spire sub- 
conical, but little raised, apex obtuse ; suture smooth, scarcely impressed, 
sometimes marginato. Whorls 5, very sligbly convex, regularly increasing 
in size, the last not descending, rounded at the periphery, convex below. 
Aperture oblique, lunate, broader than high. Peristome thin, simple, slight¬ 
ly curved when viewed frpm the sido ; margins distant and united by a 
thin callus; the columcllar border vertical for a very short distance, slight¬ 
ly reflexed. Major diameter O dt, minor 0‘38, axis 0 22 inch. 

This shell belongs to the group of thin, more or less depressed forms 
allied to the type usually known as M. vitrinoides (M. indicus, Henson). 
It*appears, so far as I can see, to be undescribed, as is also, I believe, an 
allied form of darker colour, and with a subangulatc periphery, occurring 
at Trichinopoly and elsewhere in the neighbourhood of the Coromandel 
coast south of Madras. 

The animal of M. platyciilamys is chiefly distinguished by the peculiar¬ 
ly broad shell-lobes, which, instead of being narrow and attenuate towards 
the ends, as in most allied species, are broad and flat, so as sometimes to 
cover the whole spire, and usually to conceal all except a narrow band. 
These lobes somewhat resemble those in the genus HelicaHon. The lobe 
above the caudal gland is very much smaller than it usually is iu Macro- 
chlamys and rounded, not horn-shaped. 

. This shell is common in the island of Bombay and neighbouring low¬ 
lands on the west coast of India, and I have seen a form from the hills of 
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the Wynaad in Southern *India that appears undistinguishable. I have alra 
several specimens of a Macrochlamys from the ancient town of Cham pan* 
near Broach, that may very possibly be a variety of M platychlamys. The 
specimens are larger than the Bombay types, an adult measuring 16 mm. 
by 14 in its two diameters, and some individuals attain even greater dimen¬ 
sions ; the mouth too is rather more convex beneath, but otherwise the two 
forms agreo very closely. 

The figure gives the idea of a rather thick shell, and the form of the 
mouth is incorrect, being too convex below and, consequently, too high in 
comparison with the breadth. 

9. MACqpcnLAMTS TENUICULA. PI. II, Fig. 8. 

Macrochlamys tenuicula , Q. Ad., F. Z. S. 18G8, p. 14, pi. iv, fig. 9. 

*Heli® tenuicula, Pfr., Mon. Hoi. vii. p. 94.—Hanloy, Conch. Ind. pi. lxxxix, 
figs. 7, 10. 

Macrochlamys effulgens , W. Bl., MSS.—Theobald, Cat. Land and Freshwater Shells 
of British India, p. 18. * 

Nanina {Macrochlamys) effulgens , Novill, Hand-list Mollusca, Indian Museum, Cal¬ 
cutta, part i. p. 26. * 

Nanina ( Microcystis t) tenuicula, Novill, ib. p. 36. 

Testa aperte perforata, turbinata, tenuis, Jlavo- vel futvo-cornea, laevi¬ 
gata, nitida, diaphana , oblique striatula, sub lente lineis impressis confertis 
minutis in anfractibus superioribus subtilissime decussata. Spira subconi- 
ca, lateribus convexiusculis, apice obtuso , suturd leviter impressd. Anfr. 
&i-G, ' convexiusculi , regularity crescentes, ultimas non descendens, ad 
peripheriam obsolete subangulatus, angulo omnino antice evanescente, sed in 
testis junior ibus valid lore, subtus convexus , radiatim striatulus. Apertura 
obliqua , ovato-lunaris, latior quam alia. Peristoma tenue, rectum, margi - 
nibus subconniventibus , colwmellari subverticali, brevity refiexo. Diam. 
maj. 9, min. 81, axis 6 mm. • 

Hab. Ad Bombay et in terris vicinis, necnon in montibus ' Western 
Ghats’ sou * Syhadri’ dictis. 

Shell openly perforate, turbinate, thin, yellow or fulvous hofrny, smooth, 
polished, transparent, obliquely striated, and under the Ions finely decussat¬ 
ed on the upper whorls with minute, close, impressed spiral lines. Spire 
subconical, the sides a little convex, apex obtuse, suture slightly impressed. 
Whorls 51-6, rather convex, regularly increasing, the last not descending, 
obsoletely subaugulate at the periphery (in immature shells distinctly angu- 
late), the anglo disappearing near the mouth, convex below and radiately 
striated. Aperture oblique, ovately lunate, broader than high. Peristome 
thin, straight, the margins approaching each other slightly, columellar 
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margin subvertical, reflected for a short distance. Major diameter 0*36, 
Minor 0 33, axis 0 21 inch. The fooff of the animal is very long and narrow, 
and there aro the usnal pointed shell*lobes to the mantle. The colour of 
the body is almost black. • 

The shell described by the late Mr. H. Adams as Macrochlamys tenui- 
cula appears to mo almost certainly to bo the immature form of a species 
common in Bombay. This form I have had for many years; and I former¬ 
ly distributed specimens uuder the MSS. name of Helix ejfalgens, a name 
which has unfortunately got into print. The adult shell has never been 
described; but the specimen figured in the ‘Conchologia Indica’ must have 
been nearly full-grown. Mr. Adams's original types were said to be from 
Sattara. It is probable they came from the Western Ghats in the Sattara 
district; but the species may extend to the damper portions of the Deccan 
plateau. ^ 

The figures herewith given are very unsatisfactory; the left-hand 
figure is quite inaccurate. This, however, is of less importance, as the shell 
is very fairly represented in the ‘ Conchologia Indica.* 

10. Maceociilamys P fltcifeba. 

JVanina plicatula, W. Bl., J. A. S. B., 1870, xxxix, pt. 2, p. 13, pi, iii, fig. 7. nee 
N. plicatula, Mart., Nachrichtsbl. mal. Gosollsch., 1809, i, p. 149. 

Helix plicatula, Ilanloy, Conch. Ind., p. 14, pi. xxviii, fig. 1. 

■ Macrochlamys plicatula, Theobald, Cat. Laud and Freshwater Shells Brit. Ind. p. 19. 

Nanma, n. sp., Novill, Hand-list Moll. Ind. Mus. Calcutta, p. 27. s 

I am indebted to Mr. Nevill for calling attention to the fact that the 
name I gave to this shell was pre-occupiod. I propose to change the speci¬ 
fic title to plicifera. 

11. Maceociilamys ? wynhet, sp. nov., Plate III, Fig. 5, 5 a. 

Testa perforata , subturbimto-depressa, striatula , nitida , albido-cornea, 
diaphana, fascia rufd supra peripheriam circumdata. Spira deprcsso-coni- 
ca, apice obfuso, suturd leoiter impressd , fascid rufd intus marginatd. 
Anfr. 5|, lente accrescentes, ultimus peripherid rotumlatm , subtus mo dice 
convexus, aperturam versus vix desccndens. Apertura late lunaris, obliqua, 
diagonal is ; peristoma tenue, intus haud inerassatum, margine basali sub- 
recto obtuso, columellari rejlexo. Diam. maj. 19, min. 17$-, axis 9$ mm. 
(ex icone). In exemplo minors diam. maj. 13$, min. - 12f, axis 7$ mm. 
apert. 7 lata, 6 oblique alta. 

-Hab. Ad Mari (Murreo) in raontibus Himalayanis occidentalibus 
inferioribus haud procul a flumine Jhelum (A. B. Wynne). 

26 
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Var. major, depressa, anfradibus 0, spirit convexd , parum elevatd: 
diam. maj. 21 £, min. 191, axis 10 mm'., apert. 11 $ lata, 10 oblique alta. 

Hab. Etiam ad Mari. 

• 

Shell perforate, subturbinately depressed, faintly striated, polished 
white, translucent, surrounded by a narrow rufous band above the periphe¬ 
ry. Spiro depresscdly conical, apex obtuse, suture slightly impressed, and 
with a rufous margin inside. Whorls 5J, increasing slowly and regularly, 
the last rounded at the periphery, moderately convex beneath, scarcely 
descending towards the mouth. Aperture broadly lunate, oblique, diagonal; 
peristome thin, not thickened inside, basal margin almost straight, columcl- 
lar reflected. Major diameter 0*7(j, minor 0 7, axis 037 inch (taken from 
the figure). A smaller specimen measures :—major diam. 0 54, minor 0 5, 
axil^b‘3, breadth of aperture 0 27, height (obliquely measured) 0 23 inch. 

There is a larger variety, more depressed, with the spire convex and 
six whorls. It may possibly be a distinguishable form, but I think not. 
A specimen measures :—major diameter 0 - 85, minor 078, axis 012, breadth 
of aperture 0‘45, height (obliquely measured) 04. 

I greatly question whether this form is really a Macroclilamys, and 
cannot help suggesting the possibility of its belonging to a different sub- 
generic group, or oven to Zonites. However, it is associated at Mari with 
a true Macroclilamys (M. prom*) and two or three species of Helicarion ; 
so it is evident that a few of these tropical types extend to this extreme 
north-western portion of tbo Himalayan range, where, however, the majori¬ 
ty of the mollusca consist of Bulimini of the Petrams section. 

The specimen of M. ivynnei from which the accompanying figure was 
taken has been mislaid or lost, and the description is drawn up from a 
Btnaller individual. I have named the shell after Mr. A. B. Wynne of the 
Geological Survey of India, to whom I am iudebted for several mollusca 
from the neighbourhood of Mari. 

I have been in some doubt as to whether this might not be a form of 
the shell described by Prof. v. Martens as Hanirn jacquemonti (Malak. Bl. 
xvi. 1869, p. 75 ; Pfr. Nov. Conch, iv. p. 48, pi. cxviii, figs. 6-8) ; but, in 
the first place, it can scarcely, I think, bo the species figured by Jacque- 
mont (Voyage dans l’lndo, Atlas, pi. xvi. fig. 2), and, secondly, jV. jacque¬ 
monti is described as having “ peristoma obtusum, intus incrassatum, mar¬ 
gins...basali lev iter arcuato," none of which can apply to the present species. 
Pfeiffer’s figure in the ‘ Novitates’ shows a very much less oblique mouth 
than is found in Macroclilamys ? wynnei. Now, I have another species 
from Mari, which agrees admirably with Marten’s description in these re- 

* Novill, ‘ Scientific Results of the Second Yarkand Mission,’ Mollusca, p. 17. 
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spects, and which resembles Jacquemont’s figure also, but it wants the red 
band round the periphery shown in Pfeiffer's figure. It is just possible 
that two species are included by Martens. The true JST. jacquemonti is 
probably a Bemonia. 

12. Pupa (Pupisoma) evezabdi. 

“ Pupa ( Pupisoma ) cvcsardi, Blanford,” Novill, Hand-list Moll. Ind. Mus. Calcutta, 
pt. i. p. 192. 

? “ Pupa evezardi , Blanford MS.,” ITanloy, Conch. Ind. p. 41. pi. ci, figs. 5, 6.— 
Thoob. Cat. Land & Freshwater Shells Brit. Ind. p. 30.—Pfr. Mon. Hoi. viii. p. 415. 

Testa imperforata , vix suhrimata, conoidco-ovata, tenuis, cornea, lineis 
elcratis irrcgularibus Jiliformibus obliqnis ornata. Spira sub tits subcylin- 
dracea, superne conoidca, latcribus convcxis, apice obtuso, suturd impressd. 
Anfr. 4.j, convcxi, rcgulariter crescenles, ultimus parum major, peripkgria 
atque basi rotuiulatus, baud ant ice descendens. Apcrtura diagonal is, 
truncato-rol under, edentula; peristoma tenue, rectum, expansiusculum, mar- 
ginibus connicefitibus, coluinellari verticali, ad basin snbtorto, adnato-rejlexo, 
regionem umbilicalem tegente. Long. 2j, diam.ferc 2, long. ap. 1 mm. 

IIaii. In cortice arborum ad Khandalla inter Bombay et Poona 
(G. Bvezard). 

Shell imperforate, with scarcely even a trace of rimation in tho umbili¬ 
cal region, conoidly ovate, thin, horny, with raised hair-like oblique lines, 
rather irregularly disposed, on all the whorls. Spiro nearly cylindrical bolow, 
conoidal above, the sides convex, apex blunt, suture impressed. Whirls 4J-, 
convex, increasing in size regularly; the last but little larger than the 
penultimate, rounded at the periphery and below, not descending in front. 
Aperture diagonal, nearly circular, but truncated above, without teeth; 
peristome thin, all in one plane, slightly expanded, margins converging; 
coktmellar vertical above, slightly twisted below, reflected and united to 
the whorl so as completely to cover the umbilicus. Length O il, diameter 
0 08, length of aperture O'01 inch. 

If the form represented by Hanley in the ‘ Conchologia Indica* bo 
precisely tlfe same as that described above, I am inclined to question the 
locality given, “ Singhur,” or, as Mr. Theobald prefers writing it, “ Synghar,” 
presumably Sinhgarh, near Poona. The original specimens were found by 
Colonel Evezard at Karkalla, near Khandalla, at the head of the Bor-ghat; 
and I suspect that Hanley’s figure was taken from one of them. There 
arc two or three allied forms found in the Syliadri range and the Nilgiris, 
forms that do not appear hitherto to have been described. 

• The subgenus Pupisoma was proposed by Stoliczka* for the Moulmein 

\ J. A. S. B., 1873, voL xlii. pt. 2, p. 32. 
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P. lignicola * a form very closely resembling P. evezardi, but rather 
shorter and less ovate. It is by no means improbable that intermediate 
varieties may be found ; indeed, so much do 1 doubt whether the two are 
really worthy of distinction that I should not have described the present 
species if the name had not already crept into print. 

Mr. Nevill, in his Hand-list l. c., has referred the Helix orcula of 
Benson to the same section of Pupa as P lignicola; and in this he is, I 
think, unquestionably right. 

13. SuCCINEA COLLINA. 

“ S. eollina , Blanford, MS.,'’ Hanley, Conch. Ind. p. 30, pi. Ixviii. figs. 8, 9, 10 ; 
Theobald, Cat. Land and Freshwater Shells Brit. Ind. p. 31; JPfr., Mon. Ilel. viii. 
p. 558; Nevill, Hand-list Moll. Ind. Mus. pt. i. p. 212. 

Testa conico-ovata, tenuiuscula , panrn nitida, distincte atque flexuose 
striata, viridescenti-cornea. Spira scalaris, apice acutinscula, suturd valde 
impressd. Anfr. vix 3, perconvexi, ultimas £ longitudipis subccquans. 
Apertnra ovata, obliqua; peristoma temte, margine dexiro mediocriter 
arcuaio ; columella arcuata, recedens, callosa. Long. 17, diam. 10, alt. 
(v. diam. min.) G mm., apertura 13 mm. longa, vix 0 lata. 

Hab. Saxis rupibusque adhaerens prope Mahabaleshwar ad summos 
montes ‘ Syhadri’ sou ‘ Western Ghats’ dictos Indiaj occidentalis. 

Yar. aurantiaca v. rufo-cornea; habitat in colie ‘ Toma' dido, inter 
Mahabaleshwar atque urbem Poom. 

«■ 

Shell conically ovate, rather thin, but little polished, distinctly and 
flexuously striated, greenish horny in colour. Spire step-like, apex rather 
pointed, suture much impressed. Whorls scarcely 3, very convex, the last 
about 1 of the length. Aperture oval, oblique; peristome thin, the right 
margin moderately curved forwards ; the columella arcuate, receding, and 
covered with a thin callus. Length 0*76, diameter 0*4, height (when laid 
mouth downwards) 0 24 inch ; longth of aperture 0 52, breadth 0 36 inch. 
The largest shell I possess measures 20 mm. in length (0 8 inch). A 
rufous variety occurs at Toma Hill, near Sinhgarh, west of Popna. 

This is a rook-inliabiting species,f found on cliffs and largo blocks 
of basalt at Mahabaleshwar and Torna, and is allied to 8. girnarica , a 
larger and thicker form, rather differently shaped, found by Mr. Theobald 

* J. A. S. B., 1871, vol. xl. pt. 2, p. 171. 

t It is rathor difficult to understand why Suceinea should be placed amongst fresh¬ 
water shells in the 1 Conchologia Indica.’ Most of the Indian forms arc found either 
on trees (often on palms) or on rocks, and generally at a distance from water. Lithotia 
and Cnmptonyx are also, I think, incorrectly classed as freshwater shells, both being 
found on basaltic cliffs. 
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on the basaltic rocks of Girnar Hill, in Katfcywar. The animal of S. collina 
bears a considerable external resemblance to that of the subgenus Lithotis , 
which has a similar habitat. 

The figures in the ‘ Conehologia Indies’ give a fair idea of the species, 
but the spire in fig. 8 is rather too largo. 

14 Streptaxis compressus, sp. nov., Plate II, Fig. 13. 

“ 8. compressus, Wl. Bl.,” Theobald, Cat. Land and Freshwater Shells Brit. Lad, 
p. 33. 

Testa subaperte sed non pervie umlilicata, valde depresso-ovata , cerco- 
alhida, diaphana, nitula, vix striatula. Spira vix coneexa , fere plana, 
suturd parum impresm. Anfr. pcnullimus postice compressus, obtuse 
sed prominenter car hiatus ; ultimus valde cccentricus, antrorsum devious, 
subtus planulutus politusque, circa umbilicum, prasertim ant ice, angulato - 
coarciatus, pone aperturam fossiculis impress is const,rictus. Apertura dia - 
gonalis , semiovdlis, lamind und validd suhbifidd intrantc parietali, dente 
uno duplici columellari, tribus palatalibus in marginc dextro, coarctata, 
JPeristoma incrassatum, umlique sublate expansum, postice juxta angulum 
mcdiocriter sinuatum, marginibus callo lamcllifero junctis. Diam. maj, 6£, 
min. 3-*, alt vix 3; ap. long. 2A, lat. 2 mm. 

Hab. In montibus ‘ Sivagiri’ dictis (Tinnevelly) Indim meridionalis 
(J3T. Beddomc). 

Varietas anfractibus quinque, superne et in umbi/ico confertim Jlli- 
formi-striata, lamind parietali duplici, in montibus habitat prope urbem 
Cumbum. Exempli majoris diam. maj. C£, minor is 5£, diam. min. 4 et 
alt. 2 i et 2^. 

Shell rather openly but not perviously umbilicated, depressed, oval, 
yellowish white, translucent, glossy, scarcely striated. Spire almost flat, 
suture but little impressed. Whorls 4J-, the penultimate compressed and 
prominently but bluntly keeled posteriorly; the last very eccentric, flat¬ 
tened and smooth below, and angulately compressed around the umbilicus, 
and especially near the mouth, where there are indentations corresponding 
to the teeth inside. Aperture diagonal, semioval, and furnished with five 
teeth, one strong re-entering bifid plait on the parietal callus uniting the 
margins of the peristome, one large double tooth on the columellar side, 
three palatal teeth on the right side. Peristome thickened and expanded, 
curved back near the posterior angle. Major diam. 0 25, minor 0*15, 
height 0T1 inch. 

•A variety from the-Cumbum hills has distinct but very fine close fili¬ 
form raised lines on # the upper surface and inside the umbilicus, and the 
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parietal lamina is double. Some specimens are rather smaller than the 
type. It is doubtful whether these differences justify a separate name. 

15. Sthep TAXIS personatus, sp. nov., Plate II, Fig. 10. 

“ S. personaius, Wl. Bl.,” Thoobald, Cat. Land and Freshwater Shells Brit. Ind. 
p. 33. 

Testa umlilicata, deprcssa, sphasroidco-ovata, laevigata, nitidula, diap - 
hana, cereo-albida. Spira dcpressa, apice vix exserto, saturd impressd. Anfr. 
6, convexi, penultimus postice rotundatus, vix ultra ultimum (a basi spec- 
tatus ) projiciens ; ultimus eccentricus, antrorsum devians, subtus convexus, 
circum wnhilicum comfrcssus, post aperturam fossiculis impressis cons trie - 
tus. Aperture, oblique, fere semiovalis, lamina und validd Jlexuosd intrante 
parietali, dentibusque 5, tribus in margins columellari, duobus in dextro y 
harum uno inferiore majorc laminae parietali opposito, alio ininore superiore, 
coarctata. Peristoma incrassatum continuum, fere solutum, album, undique 
late expansum, post ice juxta angulmi subprof unde retrosiifuatum , margins 
parietali valido, concavo. Diam. ntaj. 5, min. 35, alt. 2a- 

II ab. In montibus haud procul ab urbo Cumbum (Madura)* Indite 
meridionalis (If. JBeddome). 

N. 13. In nonnullis exemplis peristoma guadri-vel tridentatmn neo 
quinquedentatum est, dente uno columellari et aliquando uno palatali 
carens. 

r 

Shell umbilicated, depressed, splieroi dally ovate, smooth, moderately 
polished, translucent, pale yellowish white. Spire depressed, the apex 
scarcely exserted, suture impressed. Whorls 5, convex, the penultimate 
rounded behind, scarcely projecting beyond the last when seen from below j 
the last eccentric, convex below, compressed around the umbilicus, and 
constricted by pits corresponding to the teeth inside, just behind ’'the 
mouth. Aperture oblique, irregularly semioval, and furnished with on© 
strong re-entering parietal lamina, curved inside, and with five teeth, three 
on the columellar margin, two on tho right; of the latter the lower is larger 
and opposite to the parietal lamina, tho smaller is above, rioarer to the 
angle. Peristome thickened, continuous, almost free (the thick callus which 
unites the columellar and dextral margins projecting from the last whorl, 
in a hollow curve, the concavity corresponding to the parietal lamina); the 
outer margins expanded, the right margin deeply recurved close to the 
posterior angle. Major diameter 0 2, minor 0’15, height 0*1 inch. * 

In other specimens, rather worn, and with the peristome somewhat 
Iosb developed, the teeth are rather smaller, the upper columellar tooth is 
wanting, and in one case the upper tooth on the right margin is also de- 
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ficient. All, however, are characterized by the great development of the 
parietal callus. 

16. Steeptaxis concensus, sp. nov., Plate II, Fig. 11. 

Testa umbilicata, depressa , globoso-ovata, striatula, nitidula, diaphana , 
ctrco-albida. Spira dcprcsso-conica, parum exserta, npice obtusiusculo , 
suturd impressd. Anfr. 5, convcxi, pcnultimus postice rotundutus , baud 
ultra ultimum (a basi spectatus) projiciens ; ultimas injlatus , multo major, 
eccentricus, antrorsum dedans, suit us conoexus, hevigatus , politus , circum 
wnbilicum praesertim antice compressus , post aperturamfossiculis impres - 
sis constrictus. Apcrtura obliqua, fere semiovalis, Umellis duobns intran- 
tibus parietalibus , sinistra longiore, hit us tortd , dentibusque 5, duobus 
columcllaribus, superiore minore juxta umbilicum, inferiore magno duplici, 
uno basali lamclliformi trunsverso, duobusqne in margine dextro, inferiore 
subbifulo, superiore minore, coarctata. Peristoma album expansum, ad 
angulum post ice vix sinuatnm, mnrginibus callo duas lamellas ferente June - 
tis. JDiam. maj. 55, min. 4<, alt. 3f mm. 

Hae. In montibus ‘ Balarangam* dietis (Mysore) India? meridionalis 
(II. Beddome'). 

Shell umbilicated, depressed, globosely ovate, rather indistinctly striat¬ 
ed, shining, translucent, pale yellowish white. Spire very low, scarcely 
exserted, apex blunt, suture impressed. Whorls 5, convex, the penukimato 
rounded behind, and not projecting, when viewed from below, beyond tho 
lower whorl; the last whorl much larger than the others, eccentric, convex 
below, smooth and polished, compressed around tho umbilicus, especially 
near the mouth, and constricted by indentations, corresponding to the teeth 
inside, just behind tho lip. Aperture oblique, nearly semioval, and furnish¬ 
ed Tvith two plaits on the parietal side, that to the loft (nearest to the 
umbilicus) longer than the other and bent inside ; there are five teeth in 
the peristome, one on the columellar margin near the umbilicus, a second 
large and doublo nearer the base, one lamellar and transverse at the base, 
two inside tfie right margin, tho lower being larger than the other and 
almost bifid inside. Peristome white, slightly cxi^anded, scarcely sinuate 
near the angle, margins joined by a callus bearing the two parietal plaits. 
Major diameter 0 23, minor 0*2, height 0'13 inch. 

This is the only known species from Southern India, so far as I am 
aware, in which, when the shell is viewed from below in the direction of the 
axis, the penultimate whorl does not project at all beyond th<rbody-whorl. 
The-transverse lamellar tooth at the base of the aperture is also peculiar. 
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17. Stbeptaxis pbonus, sp. nov., Plate II, Fig. 12. 

Testa tmbilicata , deprcsso-ovata , superne confertim atque arcuatim 
costulato-striata , nitidula, diaphana , ceteo-allida. Spira dcpresso-conica, 
parum exserta, apice obtuso, suturd parum impressd. Anfr. 5£, super lores 
convexiusculi, penultimus post ice rotunda t us, longe ultra ultimrn (a basi 
spectatm) projiciens; ultimas valde eccentricus, antrorsum dedans , sabtus 
subplanulatm. Iced gains, in umbilico striis JUiformibm Jlexuosis ornatus, 
drown umbilicum compressus atque apcriuram versus angulutus, juxta 
peristoma scrobiculis constrictus. Aperlura obliqua , truncato-ovalis, Irnncl- 
Id valuld parietali intrants Jlexuosd, antice subbi/idd, dentibusque quatuor, 
ttno columellari , alio basali, d nob us in marginc dextro, coarclata Peris¬ 
toma incrassatum , subcontinuum , album, expansum, marginibus callo crasso 
lamellifero junctis, dextro prope angulum sinuatum. Diarn. maj. G*, min. 
4, alt. 3 mm. 

Hab. In montibus haud procul ab urbe Tiunevelly India meridio- 
nalis (if. Bcddomc). * 

Shell umbilicated, dcpresscdly ovate, closely and arcuately ornamented 
above with eubcostulate striation, polished, translucent, pale yellowish 
white. Spire low, conical, but little exserted, apex obtuse, suture but little 
impressed. "Whorls 5£, the upper slightly convex, the penultimate rounded 
behind and projecting considerably beyond the lower whorl when viewed 
from below ; last whorl very eccentric, somewhat flattened beneath, smooth, 
except within the umbilicus, where there are fine, irregularly flexuous 
filiform raised lines on the surface, compressed around the umbilicus and 
angulate near the aperture, where there are deep indentations correspond¬ 
ing to the teeth inside. Aperturo oblique, truncately oval, furnished with 
a strong re-entering parietal plait, curved within and subbifid in front, and 
with four teeth—one columellar, one basal, and two (of which the upper 
is small) inside the right margin. Peristome thickened, subcontinuous, 
white, expanded, the margins joined by a thick callus projecting from the 
body-whorl and bearing the parietal lamella. Major diameter 0‘26, minor 
016, height 0*12 inch. 

This shell resembles 8. compressus in form, but it wants the angula¬ 
tion of the penultimate whorl. The peristome is much thickened, as in 
8. personatus. 

The forms of Ennea and Streptaxis described in this paper are the 
principal th-at have been collected in the Southern Indian mountains by 
Colonel Beffiome, from whom I have received specimens from various 
localities from time to time. All of the species of Streptaxis are some¬ 
what variable, and, with a large collection from South India, it would 
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probably be found that many intermediate varieties oecur. As a rnle, the 
general form appears more constant than any other characters, and the 
teeth in the mouth vary considerably. The parietal lainellm are peculiarly 
inconstant. Thus, the original type of Street axis pen'otteti, the common 
species on the top of the Nilgiri hills, has two lamellae*; but I have a 
variety from Ootacamund in which tho smaller of the two, that nearer to 
the angle of tho mouth, is obsolete, and in other specimens from the 
same locality tjiere is but a rudimentary representation of this plait. It 
was the form with a single lamella which was compared with S. watsoni 
when tho latter was originally described (J. A. S. 13., 18G0, xxix, p. 127). 
The variation in tho teeth of Strcptaxis has already been noticed in 
these contributions J. A. S. B., 18G1, xxx, p. 359. a 

The genus Streptaxis is abundantly represented on the various hill- 
groups of Southern India, especially on the higher elevations of tho 
Syhadri, or Western-Ghat range. The most northern locality from which 
1 possess a specimen is tho hill-fort of Torna, near Sinhgarh, west of Poona, 
in tho Bombay Presidency. The shell in question is weathered, and not in 
very good condition; it is a largo form (that is, largo compared to tho 
minute species described in the preceding pages), measuring 11 £ mm. 
by 8£, and it is nearly allied to the Nilgiri S. pcrroltcti, and perhaps still 
more nearly to the Ceylon S. cingalensis. 

18. Ennea machodon, sp. nov., Plate II, Fig. 15. 

Testa flexuose rimata, subcylindrico-turrita, diaphana, nifidule, con- 
fertim capillaceo-costulata , cereo-albida. Spira elongata, surmm parum 
attenuata , lateribw subrectis, apice obtuso , suturd impressd. Anfr. 7, 
convexi, duo superiores Icevigati : ultimus aperturam versus subascendens. 
Apertura verticalis, oblique semiovalis, lamella validd bicruri intrants 
parietali , alia columellari profundd, dentibusque tribus, uno tuberculiformi 
cotumellari, alio magno lamelliformi transeerso basali latus dextrum versus , 
tertio minore in margine dextro, coarctata. Peristoma album , expansum, 
juxta anfr actum ^nultimum sinuatum, marginibus callo lamellifero junctis. 
Long. 5, diam. vix 2, ap. long. 1^ mm. 

Hab. Apud Pykara in sumrnos montes ‘ Nilgiri’ dictos Indite meri- 
dionalis. 

Shell flexuously rimate, subcylindrically turreted, translucent, polished, 
yellowish white, closely sculptured, except on the apical whorls, with fine 
hair-like vertical costulation. Spire turreted, elongate, diminishing very 
slowly in thickness upwards, the sides nearly straight, the ajfex blunt and 
rounded, the suture impressed. Whorls 7, convex, the first two smooth, 
* Petifc, qaoted by Pfeiffer, Mon. llel. i. p. 9. 

27 • . * 
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the last ascending very slightly noar the aperture. Aperture vertical, 
semioval, obliquely truncated above, and very much contracted by teeth, 
consisting of a strong re-entering bifid parietal* plait on the callus con¬ 
necting the margins of the peristome, an internal re-entering columellar 
lamina, commencing at a distance within the mouth, and three teeth—one, 
more or less tubercular, on the left or columellar side, a second tubercular 
tooth on the right margin, opposite the parietal plait, and with it nearly 
cutting off the posterior corner of the aperture, and a third, broad, lamelli- 
form, and transverse (parallel to the plane of the mouth) on the right side 
of the basal margin. Peristome white, expanded throughout, curved a 
little back near the angle, where it meets the penultimate whorl, the mar¬ 
gins united by a callur bearing the parietal lamella. Length 0 21, diameter 
0‘075, length of aperture 005 inch. 

I obtained several specimens of this shell near Pykara, on the Nilgiri 
hills of Southern India, in 185S, and for a long timo supposed it to be jE’. 
pirriei of Pfeiffer,f but I noticed it as a distiuct form when describing 
IS. sculpta (J. A. S. B., 1809, xxxviii, pt. 2, p. 141), and mentioned some 
of its peculiarities. E. macrodon is distinguished not only from Epirriei, 
but also from all other Indian species of the genus, by its strong basal 
transverse lamolliform tooth. This character serves to distinguish the two 
species at all ages ; for in the present species, as in E. sculpin, E. pirriei , 
and, doubtless, in the two forms ( E . exilis and E. subcostulata) described 
below, the apertural teeth, and especially the parietal lamella, are well 
developed in immature shells even before all tho whorls are completed. 
E. macrodon, too, is only half the size of E. pirrici, and there appear to 
be several slight differences in form, sculpture, and dentition. 

19. Ennea subcostulata, sp. nov., Plate II, Fig. 14 {upper). 

Testa arcuato-rimata, subcylindrico-turrita, diapfiana, nitida, ce'reo- 
albida, confertim subohsolete costulata. Spira parum attenuata , lateribus 
convexiusculis, apice obtuso, suturd impressd. AnfrWl\, convexiusculi, 
ultimus ant-ice breviter ascendens. Apertura verticalis, oblique semiovalis, 
lamella validd intrante bicruri, Jlexuosd, parietali juxta angulum, alidpro- 
fundd columella?'!, et qmtuor dentibus, mo columellari, duobus basalibus, 
quarto dextrali plicae parietali opposito, coarctata. Peristoma expansum , 
albidum, juxta anfractumpenultimum sinuatum , marginibus callo lamelli - 
ferojunctis. Long. diam. 2, ap. long. 1£ mm. 

• For the moaning of the terms palatal, parietal, and columellar, applied to teeth 
within the mouth, soe Pfeiffer, Mon. Hel. ii, p. 300, note. 

t It was quotod as that shell, J. A. S. B., 1860, p. 126, aqji 1861, xtt, 

p. 864. . ? 1 
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Hab. In montibus ‘ Shevrai’ vel ‘ Shevroy’ dicfcis, baud procul ab urbe 
Salem, Indite meridionalis (H. Beddome). 

Shell arcuately rimato, subcylindrically turreted, translucent yellowish, 
white, finely and somewhat indistinctly ribbed. Spiro turreted, elongate, 
becoming rather smaller above, with the sides rather convex, the apex blunt, 
and the suture impressed. Whorls 7*, moderately convex ; tho last whorl 
ascending slightly close to tho mouth. Aperture vertical, semioval, obli¬ 
quely truncated, with a strong re-entering parietal plait, bifid and flcxuous 
within, near the posterior angle, a columellar lamina at a distance within 
the mouth, and four tubercular teeth—one columellar, two basal, and the 
fourth inside the right margin opposite to the parlhtal plait, so as partly 
to cut off the upper (posterior) portion of the mouth. Peristome white, 
expanded, except near the junction with the last whorl, where the edge is 
curved back somewhat; margins united by a callus, on which is tho parie¬ 
tal plait. Length 0 22, diam. 0 075, length of aperture (including peris¬ 
tome) 05 inch. 

I have received from Col. Beddome three specimens of this species, 
two of which are evidently immature ; the third I believe to bo full-grown, 
but the peristomo may perhaps be more fully expanded in older examples. 

E. subco&tulata is allied to E. pirriei , E. sculpta, E. macrodon, and 
their allies, but is distinguished from all by sculpture and tho form of tho 
teeth in tho mouth. It was, I believe, this species which was erroneously 
quoted as E. pirriei from tho Shevroy hills (J A. S. B., 18G1, xxx. p.BGt). 

20. Ennea exilis, sp. nov., Plate II, Fig. 14 {lower). 

Testa rimata, subcylindrico-turrita, diapliam, laiingata, nitidula, albi- 
do-cerea. Spira elongata, sursum vix attenuata, lateribm apicem versus 
convexis , apice obtuso, suturdparum impressd. Anfr. GJ-7, convexiusculi , 
ultimus antice subascendms. Apertura fere verticals, oblique semiovalis , 
lamelld validd intrante bicruri parietali , a lid profundd columellari spirali , 
dentibusque guatuor , uno columellari , duobus basalibus qmsijunctis , quar- 
toque minore in margine dextro, coarctata. Peristoma expansum, albidum, 
postice juxta angulum sinuatum , marginibus callo lamellifero junctis. 
Long. 4£, diam. 1£, ap. long. 1 mm. 

Hab. In montibus ‘ Balarangam’ dictis provincial Mysore in India 
meridionali (JET. Beddome). 

Shell rimate, subcylindrically turreted, translucent, smooth, polished, 
yellowish white. Spire turreted, elongate, diminishing very slowly indeed 
below, but %ore rap$ly above, where the sides are convex, apex blunt, 
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suture slightly impressed. Whorls 6^-7, slightly convex, the last whorl 
ascending very little near the mouth. Aperture nearly vertical, semioval, 
obliquely truncated, with a strong re-entering bifid palatal plait on the 
callus uniting the margins of the peristome, a spiral columellar lamina 
commencing at a distance within the mouth, and four tubercular teeth just 
inside the peristome*—one columellar, two joined together at their base, 
at the lowest part of the aperture, and one, very small, inside the right 
margin and opposite to the large parietal plait. Peristome whito, slightly 
expanded, except near the junction with the last whorl, where the margin 
is slightly curved back. Length O'18, diameter 0 06, length of aperture 
001 inch. 

This form, of which E have received four specimens from Col. Bed- 
dome, is distinguished from its allies by being quite smooth. As in the 
case of some of the allied forms, it is not improbable that in old specimens 
the peristome may be more broadly expanded and the palatal teeth may- 
become more or less obsolete. 


21. Ennea stenostoma, Bedd. MS., Plate II, Fig. 17. 

Testa long e prof undeque rimata, pupiformis, cylindraceo-ovata, solidu - 
la, leevigata (forsan aliqunndo oblique striata), impolita, hand nitida, albi - 
da. Spira subcylindrica, lateribus convexiuscnlis, apice rotundato, obtuso, 
suturd impressd. Anfr. 6|, convvxi, qualuor penultimi subceqmles ; ulti¬ 
mas post aperturam voids compressus, baud ascetulens , capillaceo-striatus , 
lateribus ambobus juxta peristotna scrobiculis itnpressis conslrictus. Aper- 
tura verticalis, subaxialis, non lateralis, suboblonga, altior qrnrn lata , 
marginibus lateralibus concaviusculis, basali convexo, dentibus valde coare- 
tata, pliod und validd simplici intrante parietali juxta angulum, tubereulis 
duobus columellaribus, uno superiore profundo, alio majore inferior# in 
peristomate, duobus minoribus basalibus, uno dextrali, alio sinistrali, uno 
denique majore bi/ido in margine dextra, plica parietali opposito sed infe- 
riore, munita. Peristoma album, rejlcxum, postice sinuatum , marginibus 
callo lamellifero junctis. Long. 3J-, diam. 1|, ap. long. 1£ mm. 

Hab. In montibus 1 Goleonda’ dictis, baud procul ab urbe Yizagapatam 
(iff. Beddome). 

Var. minor, anfractibus 5£; long. 3, diam. H, ap. long. 1£ nun. (PI. II, 
Fig. 16.) 

Hab. In montibus hand procul ab urbo Karnul (Kurnool) Indian 
meridionalis, (if. Beddome). 


* None of the teeth are well represented in the figure. 
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Shell with a long deep groove at the base, pupiform or cylindrically 
ovate, rather thick, smooth (perhaps sometimes obliquely striated), dull, 
destitute of polish, whitish. Spire subcylindrical, with the sides slightly 
convex, the apex blunt and rounded, and the suturo impressed. Whorls 
6 g, convex, the four behind the last whorl subequal, the penultimate being 
scarcely smaller ; the last strongly compressed behind the aperturo, with 
raised hair-like lines of sculpture, not ascending, deeply indented on both 
sides. Aperture* vertical, nearly in the axis of the shell, not lateral, nearly 
oblong in shape, higher than broad, both the right and loft margins slight¬ 
ly concave, lower margin convex. Teeth in the mouth numerous, and 
consisting of the simplef strong re-entering parietal fold near the posterior 
angle, two columellar tubercles (the upper and smaller situated at some 
depth inside the mouth, the smaller and larger in front close to the lip), 
two small basal teeth right and left of the lowest portion of the mouth, 
and one largo bilid tooth on tho right margin nearly opposite to the parie¬ 
tal fold, but # not very close to it, and rather inferior to it in position. 
Peristome white, expanded throughout, curved back near tho posterior 
angle, the margins united by a thick callus, on which the parietal lamina 
is situated. Length 0*11, diameter 0 00, length of aperture 0 05 inch. 

Tho typical form was obtained in tho Golconda hills near Vizagapa- 
tam, and the single specimen sent to me by Col. Beddorne, from which tho 
accompanying figure was taken, was broken after being drawn. The de¬ 
scription is from a specimen in the British Museum. 

A smaller variety with 63 - whorls, and measuring 012 inch in dength, 
0 06 in diameter, and 0 37 in length of aperture, was procured by the same 
naturalist in the hills near Kurnool. 

I have received three specimens of this variety from Colonel Beddorne, 
and there are others in the British Museum. All have the same dull wea¬ 
thered appearance, though they look fairly fresh ; but on one there appear 
wfiat may bo traces of sculpture, apparently stria} similar to the fine raised 
lines occurring on the last whorl near the aperturo in all. 

1 am not acquainted with any species of Ennca nearly allied to this 
species. Ig. form, the Sikkim and Khasi E. stenopylis shows some resem¬ 
blance ; but that shell is strongly costulate, and its curious aperture, with 
the posterior portion almost cut off and forming a semi-detached tube, shows 
tho species to bo merely an ovate form of the Himalayan and Burmese 
group, comprising E. vara, E. blanfordiana, and E. cylindrelloidea. 


* It is too broad in figure 17, and the shape is incorrect. The teeth, however, are 
nearly cornet. 

t Erroneously represented as double in fig. 17 on tho accompanying plate. 
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22. Ennea beddomei, sp. nov. 

Testa rimata, subcylindraceo-turrita, cereo-albida, nitida, confertim 
vertical iter costulata, costal is in anfractu ultimo plus minusve obsoletis. 
Spira elongata, sursum attenuata, apice obtuso, suturd impressd. Anfr. 6, 
convexi, ultimus antice ad aperturam vix ascendens. Apertura fere verti¬ 
cal is, semielliptica, lamcllis duobus valid is parictalibus, und anteriore dex- 
trail intrante intus tortd, alid profunda sinistrali subcolumellari incurvd, 
dentibusque lamelliformibus minoribus duobus vel tribus profundis palala- 
libus coarctata. Peristoma albidam, expansum, postice juxta angulum 
leviter sinuatum, marginibus callo lamellifcro junctis. Long. 3J, diam. 1J, 
ap. long, a mm. 

Hab. In montibus ‘ Sivagiri’ dietis (Tiunevelley) Indite meridionalis 
(ZT. Beddome ). 

Shell rimate, subcylindrically turreted, pale yellowish white, polished, 
with close vortical ribbing on all the whorls, the ribs being more or less 
flattened and obsolete on the last. Spire elongate, becoming more slender 
above, apex blunt, suture impressed. Whorls 6, convex, the last scarcely 
ascending in front at the mouth. Aperture nearly vortical, semi-elliptical, 
with two strong re-entering parietal lamella?—one of them in front to the 
right near the angle of the mouth, slightly twisted inside, the other to the 
left near tho columellar margin, commencing at a distance within the 
mouth, and curved ; there are also two or three small depressed lamelliform 
palatal teeth; but they are seen with difficulty from the front. Peristome 
white, expanded, the margins united by a callus bearing the parietal folds, 
the right margin curved back near the angle. Length 0'15, diam. 0 05, 
length of aperture 0 025 inch. 

I have named this shell after the discoverer instead of adopting the terpi 
he had given to it in MS., as the latter might be objected to and changed. 
I have no specimen myself at present, but there are four in the British 
Museum. The form is peculiarly distinguished by the absence of any 
teeth in the peristome itself, although there are two or throe at a little 
distance inside the aperture, and two folds on the callus joining the margins 
of the lip. In general form there is some resemblance to E. exilis. 

23. Ennea canabica, Beddome, MS. 

Testa rimata , turrita, albida, solidula, confertim verticaliter costata. 
Spira subregular iter attenuata, apice obtuso, suturd profundiusculd. Anfr. 

convexi, infra saturam inflati, gradatim crescentes, ultimus antice vix 
ascendens. Apertura subrotunda, superne truncata, lamelld validd parie- 
tali intrante subtortd,partem posteriorem aperturae fere discemente, alidque 
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columellari profundA, vix in fauce conspicuA , coarctata; dent ib us palatal i- 
bus in per is t ornate null is. Peristoma continuum, longe adnatum, album , 
inorassato-patens, undique expansum, intus granulatum, margins columel¬ 
lari angulatim incisum, basali Into, dextrali intus juxta lamellam paricta- 
lem breviter projicientc, angulum versus leviter retro-sinuatum. Long. 3J, 
diam. 2, ap. intus mm. alta. 

Hah. In provincia ‘ South Cauara’ ad latus oceidontale India? mori- 
dionalis (H. lieddome). 

Shell rimate, turretcd, white (fresher specimens are probably yellowish 
white and polished), all the whorls ornamented with close vortical ribs. 
Spiro almost regularly attenuate, apex blunt, suture rather deep. Whorls 
GJ, convex, swollen, and projecting beneath the suture, increasing in size 
by degrees, the last not ascending near the mouth. Aperturo nearly round, 
except above, with one strongly developed parietal lamella, commencing 
in the front ajtd re-entering deeply, a little twisted within, and so large 
as almost to cut off the upper left or posterior portion of the aperture; 
anothor smaller, deep-seated columellar fold is scarcely discernible from the 
mouth ; no palatal teeth. Peristomo continuous, attached for a considera¬ 
ble distance to the last whorl, white, thickened, broadly expanded, granulate 
inside ; the columellar margin with an angular incision, the basal margin 
broader than the others, right margin curved back near the angle, and 
having a blunt projecting tooth-like process inside, opposite the parietal 
fold. Length 015, diameter 008, length of aperture within 0.025 iheh. 

The above description is taken from the only specimen I have ever 
seen, which is in the British Museum. The shell is remarkable for its 
peculiarly shaped whorls, each of which is suddenly swollen below the 
suture, so as to give almost a step-liko appearanco to the spire. The round¬ 
ed # mouth, too, with the broadly expanded peristome is quite different from 
that of any other Indian form of the genus. Perhaps the Khasi-Hill 
JEnnea vara is as closely connected «as any of the South-Indian forms, 
though there is but little resemblance between it and the present species, 
except such^is is due to both being strongly ribbed, and to the manner in 
which the posterior or upper right-hand corner of the mouth is almost 
isolated by the strong parietal lamella and a projection from the inner 
margin of the peristome. 


24 Helix calpis. 

Bens., Ann. & Mag. Nat. Hist. ser. 3, vol. iii, p. 2C8.—Pfr., Mon. Ilel. v. p, 64._ 

Hanley, Conch. Ind. pi. xvi. flg. 8. 

Macrochlamys calpis , Theobald, Cat. Land Freshwater Shells Brit. Ind. p. 19. 
tNanina (Microcgstv) calpis, Nevill, Hand-list Moll. Ind. Mns. pt. i. p. 38. 
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This species was described from specimens collected by myself in 1856. 
I had but an imperfect knowledge of land mollusks at the time, or I should, 
I think, have seen at once, as I did some years afterwards, when re-examin¬ 
ing my collections, that the shells were ail young specimens of Baphaulus 
{istreptaulus) blanfordi. I had altogether a considerable number of speci¬ 
mens of the supposed Helix calpis; of these four were sent to England, 
and were examined by Mr. Benson; and it is manifest, from his descrip¬ 
tion, that there was no difference between his examples and mine. In some 
of the latter I found the operculum still remaining. 

In Mr. NevilPs Hand-list of Mollusea in the Indian Museum, Calcutta 
(Z. c.), specimens of Nanina calpis from the Naga and lvhasi hills are 
included. Slreptaulus blanfordi has been found in Sikkim, and in the 
Dafla hills, east of Bhutan ; and I learn from Col. Godwin-Austen that ho 
obtained a specimen from Brahmakiind at the head of the Assam valley; 
but, as no examplo of the shell is known to have been found in the hill- 
ranges south of Assam, I think the specimens in the Indian Museum must 
be something different from tho form described as Helix calpis by Mr. 
Benson. t 

25. Spieaculum trayancoeicum, Beddome, MS., Plate III, Fig. 6. 

Testa late umhilieata , deprem-turbinata , in exemplo vetusto adhue 
detecto la ins, albescens {junior forsan epidermide induta , colorataquc). 
Hpira elevata, dcpresso-conica, sutura profundd, apice acuto. Anfr. 4|, 
rotumhti, ultimus cylindracms, aperturam versus descendcns atque breviter 
solutus, 3 mill, pone aperturam tubulo longiusculo antrorsum directo, anfrac- 
tum penultimum tangente, munitus. Apcrtura diagonal is, circularis; peris¬ 
toma duplex, internum breviter porrectum, superne sinistrorstm leviter 
sinuatum , externum expansum, atque, nisi ad marginem sinistnm, undula- 
tum. Operculum extus fere planum, marginibus anfractuum exteriorum 
liberis, intus concavum. Diam. maj. 12J, min. 10$, axis 7, diam. apart. 
5£ mill. . 

Hab. In montibus Travancoricis baud procul a Tinnevelly {H. 
Beddome). 

Shell broadly umbilicatc, depressedly turbinate, and, in tho single aged 
specimen found, decorticated, whitish and smooth throughout. Traces of 
a brown epidermis remain around the umbilicus, and younger specimens 
are probably brown in colour, and perhaps ornamented with coloured bands, 
like other species of the genus. Spiro raised, depressedly conical, suture 
deep, apex acute. Whorls 4$, rounded; the last cylindrical, descending, and 
'free near the aperture, and provided above, about three millimetres behind 
the mouth, with a rather elongate tube, which projects forward, and is in 
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contact with the penultimate whorl throughout. The tube appears broken 
at the end, and may have been even longer originally ; the anterior termi¬ 
nation in the specimen is in a lino with the oblique peristome of the shell. 
Aperture diagonal, circular ; peristome double, inner lip sharp, not project¬ 
ing much, curved backwards near the penultimate whorl; outer peristome 
expanded, and wavy above externally and below, straight and somewhat 
narrower on the left margin. Operculum nearly flat externally, concave 
within ; the outer margins of the whorls free and lamellar, except towards 
tho middle ; the circumference surrounded by several fine raised lines, the 
edges of the outermost whorls. Major diameter 0'5 inch, minor 0 42, 
axis 0’3, diameter of the mouth 023. 

This species differs from all others of tho genu# by its higher spire, 
and by the combination of tho mouth being free and the sutural tube being 
directed forwards and attached to the last whorl. The solitary specimen 
obtained was procured at a considerable elevation, 4000 or 5000 feet, in 
tho hills between Travancorc and Tiimevelly, not far from Cape Comorin. 

. 20. Catattlus costulatus, sp. nov., Plate III, Fig. 7. 

Testa subperforata , subovato-turrila, solid a, snbsiuuate costulata, palli- 
de straminca. Spira convcxo-iurrita, apice obtusiuscnlo, sulnrd valde im- 
pressa. Anfr. 7£, convexi , ultimus arctim conjoint its, ant ice porrectus 
fere solutus, carind bamli validd , compressd ,, eostnlatd , antice dilatatd muni- 
tus; periomphalo mediocri , costulato. Aperturn snbcircnlaris, fere verti- 
calis , canali ad latus sinislrum marginis basalts patevte , ore subobliquo, 
sub tus spectante. Peristoma album, incrassato-expansnm, rerolutum, postice 
dextrorsum atquc antice sinistrorsum ad canalem basalem productum , mar- 
gine columellari angustiore, cum anfr act a penult into bran ter juncto. Long. 
16, diam. (perist . inch) 5, diam. min. 5J, apert. intus 3 mm. 

m Hab. In montibus ‘ Tinnevelly Ghats’ dietis Indise meridionalis, 
(JET. Beddome). 

Shell subperforate, subovately turreted, solid, rather coarsely and sub- 
siwlately cestulated, of a pale straw-colour. Spire turreted, with convex 
sides, apex rather obtuse, sutures well impressed. Whorls 7£, convex, the 
last more closely wound than the penultimate, to which it is scarcely attach¬ 
ed just behind the mouth ; the basal keel compressed, costulate, dilated in 
front; the space inside the keel and around tho umbilicus is of moderate 
size and ribbed. Aperture nearly circular and subvertical, with tho opening of 
the basal canal on the left side of tho baso, and not quite in the same plane 
as the aperture, but turned rather downwards. Peristome white, thickened, 
expanded, and turned back, produced above to the right of the penultimate 
whorl and below arOund the canal, narrow on the columellar margin, and 
28 * • * 
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only united for a short distance with the penultimate whorl. Length 0 65 
inch, breadth (including the peristome) 0-25, minor diameter from front 
to back 0 23, width of aperture inside 013. 

This species of Cataulus , the third hitherto obtained from the hills of 
Southern India, is distinguished from all other known forms of the genus 
by its comparatively coarse ribbing across the whorls. In other respects, 
it closely approaches C. calcadensis, Bedd. (J. A. S. B , 1869, xxxviii. pt. 
2, p. 137, pi. xvi. fig. 8), having a similarly shaped spire, aperture, and 
basal channel. I have only seen one specimen of 0. costulatus ; this differs 
from 0. calcadensis not only in having stronger sculpture, but also in being 
rather shorter and in having one whorl loss in the spire. The colour of 
O. costulatus also is paler than that of the Calcad shell, and the lip of the 
aperture is white. 

Like the other Southern-Indian forms, O. calcadensis, C. recurvatus, 
and the species hereafter described, C. costulatus has the canal a little to 
the left of the lowest portion of the aperture, or nearer to the,umbilicus than 
to the outer margin. In most Ceylonese species of the genus, the canal is 
nearly at the lowest portion of the mouth.* I find that in O. tortuosus 
the position of the canal is precisely as in C. calcadensis and O. costulatus 
(in C. recurvatus, the sinistral position of the canal is much more marked). 

27. Cataulus albescens, sp. nor. 

Testa subperforata, subovato-turrita, tenuiuscula, albido-cornea, subsi - 
nuate 'costulato-striata. Spira turrita, lateribus convexis, apice obtusius - 
culo, suturd valde impressd. Anfr. 7, convexi, ultimus arctius convolutus, 
antice porrectus, fere solutus, vix descendens, carind basali transversim 
striatd, postice obsoletd, antice valuta, jaxta aperturam dilatatd munitus ; 
periomphalo mediocri, plicato-striato. Apertura subcircularis,fere vertica- 
lis, canali ad latus sinistrum marginis basalis patente, ore antice spectante. 
Peristoma album, incrassato-rrjlexum, post ice et ad canalem basalem produc- 
tum, margins columellari angustiore, cum anfractu penultimo breoiter junc- 
turn. Long. 13, diam. maj. 5£, min. 4&, apert. diam. intus vix 3 mm. 

Hab. In montibus Travancoricis haud procul ab urbe Trivandrum. 

Shell subperforate, subovately turreted, rather thin, whitish horny, 
rather sinuately and costulately striated. Spiro turreted, with the sides 
eonrex, apex obtuse, suture much impressed. Whorls 7, convex, the last 
more closely wound than the penultimate, to which it is but slightly attach¬ 
ed just behind the mouth. Basal keel transversely striated, subobsolete on 
the body-whorl near the junction of the peristome, becoming stronger in 

* It is slightly to the left in C. pyramidatus , C. eurytrema, and C. amtenianus ; 
basal in tho smaller forms, like C. templemanni and C. layardi * , 
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front and dilated near the mouth; the space inside the keel and around the 
umbilicus is of moderate size and plicately striated. Aperture nearly circu¬ 
lar and subvertical, with the opening of tho basal canal to the left of the 
base, and in nearly the same plane as the aperture. Peristome white, 
thickened, expanded and turned back, produced slightly above to the right 
of the penultimate whorl, and to a greater extent below at the mouth of 
the canal; columellar margin a little narrower, joined for a short distance 
only to the penultimate whorl. Length 0-53, major diameter 0’22 f minor 
0'18; breadth of the aperture within 0T2 inch. 

This is the smallest form yet obtained of the peculiar group of Sou- 
thern-Indian Catauli. I received three specimens some years ago from 
Mr. Theobald, who supposed them to be C. calcademis. Mr. Theobald, I 
believe, procured them from Mr. F. W. Bourdillon, who obtained them near 
Mynall, on the hills east of Trevandrum. This shell is, I think, mentioned 
as Cataulus calcademis by Mr. Theobald in his description of Mr. Bourdil- 
lon’s shells (J. S. B., 1876, xlv. p. 185). The present species, however, 
has one whorl less, and is a much smaller shell, with proportionately shortor 
whorls the sculpture is less close and distinct, the colour whitish instead 
of golden brown, the basal keel less developed, and its opening is in the 
same plane as the aperture, instead of being turned downwards, &c. From 
C. costulatus , the present form is chiefly distinguished by its much liner 
sculpture and by the characters of the basal keel. 

28. Cataulus calcadensis. 

The original specimens of this species described by mo in 1869 (J. A. 
S. B., xxxviii. pt. 2, p. 137) were bleached and chalky. Subsequently, Col. 
Beddome, who discovered and named this very interesting form of Cataulus , 
procured fresh living specimens of a golden-brown colour, with tho aperture 
of tho same tint as the shell.* Tho pemtoine in these specimens is not 
frefi from the last whorl. Tho operculum is normal, and precisely similar 
to that of Ceylonese species of the genus. 

The specimens described by Mr. Theobald as Hapalus travankoricusf 
are, I am satisfied, immature shells, and 1 believe them to bo the young of 
this, of C*albescens, or of some nearly allied species of Cataulus . Mr. 
Theobald states that the types of his supposed Ilapalus differ from tho 
young of Cataulus calcadensis, i. e., C. albescens, but ho omits to point out 
the distinction. I had an opportunity of examining the types, which were 

* I have not seen specimens of tho olive colour represonted in tho * Conchologia 
Indica,’ pi. evi, fig. 10. 

.+ J. A. S. 13. 1870, xlv. pt. 2, p. 186, pi. xiv. fig. 5. Tho namo should, in any 
case, be Latinized as /ravancoricut. There is no such place us Travunkor, the common 
English name Travanoore being a corruption of tho real naino. 
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shown to me by Mr. Theobald, and I told him my views on the subject, 
but he did not agree with me. 

I have recently examined the specimen of 0. tortuosus (two in num¬ 
ber) at the British Museum, and find the views I expressed several years 
since (J. A. S. B., 1869, xxxviii. pt. 2, p. 138) as to its alliance to C. cal - 
cadensis fully confirmed. In form, C. tortuosus, C. ealcadensis, C. costula - 
tus, and C. albescens are closely allied, all being much more ovate than any 
of the other species of the genus. The sculpture on C. tortuosus is much 
finer than on C. ealcadensis, or even than on C. albescens. The discovery 
of two additional forms of this section of the genus in the hills of Southern 
India, and the absence of the genus from the collections hitherto made in 
the Nicobar Islands, •tend to support the probability that C. tortuosus is 
also in reality a Southcrn-Indian form. Not a single Cataulus has hitherto 
been discovered in the Andaman Islands, in any of the countries to the east 
of the Bay of Bengal, or in the Malay Islands, so that the existence of tho 
genus in the Nicobar Islands is extremely improbable. , 

29. Realta (Omphaloteopis) andeesoni, sp. nov., Plate II, Fig.* 18. 

Testa 'perforata , ovato-conica, tenuiuscula, rufcscenti-fulm, Imigata, 
parum nitida, oblique striatula. Spira conica, lateribus subrectis, apice 
acuto, suturd leviter impress A. Anfr. 7, planiusculi; ultimus ad peri - 
pheriam capillaceo-carinatus, subtus convexus, Iccvigalus, radialim striatulus, 
carind circmnumbilicari obfnsd, fere obsoletd instniclus. Apertura ovata, 
obliqua, fere diagonalis, spiram altitudine baud a-quuns. Peristoma ubtu - 
sum, marginibus subconniventibus, callo tenui junclis , externo recto, basali 
expansiusculo, columellari subtus expnnso, juxta perforationem cmarginato, 
angulatim inciso. Operc. ? Long. 7, ditim. vix 5; ap. long. 3*-, lat. 2-2 mm. 

Hab. In insulis Andamanicis (J. Anderson). 

Shell perforate, ovately conical, thin, reddish brown in colour, smooth, 
not polished, obliquely striated. Spire conical, with sides nearly straight, 
apex acute, suture slightly impressed. Whorls 7, rather flat; the last with 
a hair-like keel at the periphery (the keel sometimes appearing on the 
upper whorls just above the suture), convex, smooth, and radiately striated 
below, and furnished with an obtuse, subobsolcte keel around the umbili¬ 
cus, the space inside the umbilical keel being smooth, not ribbed. Aperture 
ovate, oblique, nearly diagonal, a little shorter than the spire. Peristome 
obtuse, the margins approaching each other, and joined by a thin callus; 
outer edge straight, basal expanded, columellar expanded below, but emargi- 
nate and cut away into a re-entering angle near the perforation. Length 
0 29, diameter 019 ; length of aperture 0‘13, breadth O il inch.. 
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This species closely resembles It. (0.) rubens of Mauritius in form, 
but differs in sculpture, the shape of the whorls, &e. The umbilical keol 
is but faintly marked. Several specimens were procured about ten years 
ago by Dr. J. Anderson, Superintendent of the Indian Museum, to whom 
I am indebted for the types. They were obtained, I believe, at some dis¬ 
tance from the coast. 

30. K balia pallida, sp. nov., Hate II, 'Fig. 19. 

Testa perforata, ovato-conica, tenuis , albido-cornca, laevigata, nitiduln , 
via verticaliter striatula. Spira conica, apicc acuto, suturd impressd. 
Anfr. 6, convex iusculi ; ultimas ad per ip her iam alque subtus rofundatus , 
circa perforationem radiatim striatus. Apcrtura fere verticaliv, ovata, 
spiram altiludine baud ceqmns. leristoma tenue, marginibus subconniven- 
tibus , callo tenui junctis, externo recto, columellari expansiuscnlo. Opcro. J 
Long. diam. 3; ap. long vix 2, lat. lg mm. 

Hab. In jnsulis Audamanicis cum pra>cedente ( JAnderson ). 

Shell perforate, ovately conical, thin, whitish horny, smooth, moder¬ 
ately polished, with faint subobsolete vertical stri.ition. (There is also, 
beneath the lens, a faint indication of minute spiral striation, but I am not 
sure that this is not an individual peculiarity.) Spire conical, apex acute, 
suture impressed. Whorls G, slightly convex, the last rounded at the peri¬ 
phery and below, radiately striated around the perforation. Aperture near¬ 
ly vertical, ovate, shorter than spire. Peristome thin, margins approaching 
each other, joined by a thin callus; the outer lip simple, the columellar 
slightly expanded. Length 0T7, diameter 0 12, length of aperture 0 - 075, 
breadth 006 inch. 

I have but a single specimen of this species, which wants both tlio 
kepis of the last species, and differs besides in size, colour, and sculpture. 
The specimen is perhaps not quite adult, but there can, I think, be no 
question of its being a peculiar form. 

Neither of the two species above described can be confounded with the 
globose It. 40.) distermina (Benson, Ann. & Mag. N. H. Dec. 18G3j Pfeif., 
Mon. Pneum. Suppl. ii. p. 178) with its costulate striation near the suture 
and inside the umbilicus, its rounded whorls, and its aperture equal in 
length to the spire. A glance at the figure of this shell in the ‘ Concholo- 
gia Indica,’ pi. clxv. fig. 10, will suffiee to show how different it is from 
either It. andersoni or It. pallida. Even if, as is possible, Benson’s type 
was a young shell, it was manifestly a very distinct species, and the adult 
would probably resemble Itealia ( Omphalotropis ) globosa of Mauritius in 
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31. REALIA DECUS8ATA, 8p. nOV. 

Testa perforata, ovato-eonica , tenuiuscula, striis obliquis incrementi, 
aliisque spiralibus , minutis , sublente subtilissime decussata, in anfractibus 
suptTioribuSy nisi duobus supremis, undique, atque in inferioribus et supra 
et infra suturam costulato-striata, pallide rufescenti-fulva, anfractu ultimo 
cingulo pallido circumdato. Spira conica, apice acuto, sutura impressd - 
Anfr. 6, convexi ; ultimus ad peripherinm rotundatus, subtus convexus, ra¬ 
dio tim striatus, in umbilico costulato-striatus , lined impressd basalt in loco 
carincc circum umbilicum instructns. Apertura obliqaa, rotundato-ovata, $■ 
longiludinis subecquans Peristoma temie, marginibus subconniventibus , 
callo tenui junctis, externo basalique rectis , columellari subtus expansiusculo , 
junta perforationem retrosinuato. Operc. ? Long. 3-2, diam. 2 -2 ; ap. long. 
1*, lat. l a- mm. 

II ab. Cum prsecedentibus in insulis Andamanieis (J. Anderson ). 

r 

Shell perforate, ovately conical, rather thin, finely marked with oblique 
strisc of growth and minute decussating spiral lines (only visible beneath 
the lens), costulately striated on the upper whorls (except the two upper¬ 
most) and close to the suture on the lower whorls, pale rufescent brown, 
with a pale band round the body whorl. Spire conical, apex sharp, suture 
impressed. Whorls 6, convex ; the last rounded at the periphery and be-' 
low, radiatcly striated beneath, more strongly in the umbilicus, and having 
an impressed line at the base around the umbilicus in the place of a keel. 
Aperture oblique, oval, but little higher than broad, about f of the length. 
Peristome thin, the margins approaching each other and united by a thin 
callus; the outer and basal edges simple, columellar margin slightly expanded 
below, curved back into a shallow re-entering sinus closo to the perforation. 
Length 015, diameter 0*11 ; length of aperture 0 07, breadth 0 06 inch. 

This shell is distinguished by its fine decussated striation. I have but 
a single specimen, received from Dr. J. Anderson, with the others, t . 
fortunately no figure has been given, as I did not observe the distinction 
until after the accompanying plate had been drawn. Independently of 
sculpture, the species may be distinguished from O. distermina by its less 
globose form, and by the absence of the keel around the periphery; from 
R. andersoni by its much smaller size, more rounded whorls, and by the 
absence of the keel; and from li. pallida by rounder whorls, by colour, and 
by its rather more turreted form. 

There is thus evidence of four different forms of Realia in the An¬ 
daman Islands. The genus is absolutely unknown in either India or 
Burma, the species of Omphulotropis (0. aurantiaca ) once reported from 
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Pondicherry being really from the island of Mauritius and it is uncertain 
that the forms reported from Cochin China, Siam, and Singapore are not 
Assiminem. It is remarkable that the genus is almost entirely insular in its 
known distribution, and that it is especially common in the Mascarene 
Islands and in Polynesia. 

32. Paludomtts tbavancorica, Beddome, MS., Plate II, fig. 22. 

Testa imperforata , ovato-conica, solidula , epidermule fused induta, sub 
epidermide albida, fasciis fusco-purpureis flexuosis verticalibus omata, 
costis spiralibus subconfertis circumdata, interspatiis glabris, striis incre- 
menti inconspicuis. Spira conica, sulturrita, a pice eroso, suturd impressd. 
Anfr. superst. 3, context, ultimus dimidium testa supprans. Aperfura sub - 
verticalis, ovata, postice angulata, intus ccerulescenli-ulbida, strip is flexuosis 
confertis conspicuis. Peristoma rectum, margine externo acuto , columellari 
basalique albis, intus inemssntis, dilatatis. Op ere. normale. JDiam maj . 
1G, min. 13|, alf. 23 mm. (apice non eroso ad 25) ; apert. 12 mm. longa, 
9 lata. 

Had. In Travancore (IT. Beddome 

Shell imperforate, ovately conical, rather thick, covered with a dark- 
brown epidermis ; beneath the epidermis white, with narrow vertical, very 
wavy dark purple stripes ; all the whorls spirally ribbed, the ribs rather 
close together, with the interspaces smooth, the stri.-e of growth being 
inconspicuous. Spire conical, apex eroded (doubtless acute when perfect), 
suture impressed. Whorls remaining 3 (probably in the perfect shell 5 or 
6), convex, the last exceeding half the length of the shell. Aperture nearly 
vertical, ovate, angulate at the posterior extremity, bluish white, with con¬ 
spicuous, close, vertical, wavy, deep purple bands within ; peristome in one 
plage, the external margin sharp, the columellar and basal margins white, 
tlvckened within, and dilated. Operculum normal. Major diameter 0 65 

minor 0 52, height (apex wanting) 0 9 (when perfect about an inch) ; 
aperture 0 5 high, 0‘36 broad. 

In a young specimen of P. travancorica, there appears to bo a ten¬ 
dency to the development of minor parallel ribs between those forming the 
spiral sculpture, and the latter are rather closer together near the suture. 


* See Benson, A. M. N. H. Sopt. 1851, Ser. II, Vol. 8. p. 194.—Nevill, Handlist 
Moll. I. M. pt. i, p. 320. Hanley, Conch. Ind. Systematic list of Species, p. xiii, note 1, 
whilst pointing out that the species is not Indian, Btatcs that it occurs in the Isle of 
Bourbon. As he does not give his authority, the name of the island may have been 
inserted by mistake for that of Mauritius, but it is possible that the form occurs, like 
0. rubens and two or tlyreS other species, in both islands. ‘ 
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This fine and well-marked from of J Paludotnus was procured by Colonel* 
Beddome in streams traversing the plains between Trevandrum and the 
foot of the Aghastyamali hill. 

So far as I am aware, none of the forms of true Paludomus hitherto 
described from Southern India and Ceylon have the marked spiral sulcation 
of the present species. There is, however, a remarkable resemblance to 
the Ceylonese Philopotamis sulcata, the shell of which is only distinguished 
by wanting the conspicuous coloured bands within the peristome, although 
the operculum is very different. Perhaps the nearest ally of P. travan - 
corica is t’lie Burmese P. regulata ; but that is a less conical form, and differs 
both in sculpture and coloration, as may be seen by comparing the figure 
of the present species, with that of P. regulata in the ‘ Conehologia Indica’ 
(pi. cviii. fig. 5). In form, P. travancorica has some resemblance to tho 
common P. tanjorica* (Helix tanshanrica, Gmelin, Syst. Nat. p. 3055). 

33. BVTIirXTA EVEZAUDT. 

Testa anguste umbilicata, ovato-conica, solula, striis regularibus spi - 
raliter circumdata, albido-cornea. epidennide crassd olivaccd obtecta, Spira 
conica, apice eroso, suturd value, impressd Anfr. superst. 3 (m testa in- 
teg rd 4-5), convexi, ultimus dimidiam longitudinis subrcquans, modice ven- 
tricosus, sublm circa umbilicum angulatim compress us, umbilico conico, 
intus Icevigato. Apertura subverticalis ooata, antice atqne postice subanqu- 
lata ; peristoma simplex , rectum, obtusum. Operculum normals . Long. 3f-, 
diam.piaj. 31, min. 2 mm.; apert. intus fere 2 longa, 1J- lata. 

IIab. Ad Lanowlee (Lauaoli) juxta viam ferratum inter Bombay ct 
Poona (67. Eoezard). 

Shell narrowly umbilicate, ovately conical, solid, surrounded by regular 
spiral impressed lines rather close together, whitish horny, covered with an 
olive epidermis. Spire conical, apex eroded, suturo deeply impressed. 
Whorls remaining 3 (in a perfect shell about 4 to 5), rounded, the last 
about half the whole length, moderately ventricoso, angulately compressed 
at tho base around the umbilicus, which is conical and smooth iuside. 
Aperture nearly vertical, oval, subangulate in front at the bas«- and at the 
posterior extremity ; peristome simple, straight, obtuse ; operculum normal. 
Length 0'15, major diameter 0T3, minor 0 08 inch ; aperture within 0 07 
long, 0 05 broad. 

This peculiar little species, distinguished by its distinct umbilicu^ 
from all other Indian forms, was obtained by Colonel G. Evezard at Lanaoli/f 
a station on the railway from Bombay to Poona, situated a few miles east 
of Khandalla at the top of the Bor-ghat. 

• I think it is to be regretted that Gmelin’s spoiling should he adopted for this 
species, as the derivation of the name is thereby rendered obscure. 
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35. Cbemnoconchus faibbanki. 

“ Crmnoeonchus fairbanhi , Blunford,” Hanley, Conch. Ind. p. 68, pi. cxlvi, fig. 7. 

I have described the species here attributed to me, and I greatly 
doubt my being responsible for the specific name, even in manuscript. I 
find amongst my collection a small box of C. carinatus, labelled C. fair - 
banki , but I cannot recollect whence the name was derived. The shell 
figured in the ‘ Conehologia Indica’ resembles C. carinatus in form, but 
the angulation of the last whorl is not shewn, and the coloured bands 
represented are not, so far as I know, found in that species. 

The shell figured in the same plate of the ‘ Conehologia Indica’ (pi. 
cxlvi, fig. 10) as 0 . carinatus, is certainly not that species, bub O. con tens, 
var. Some of the references in the letterpress, p. 58, to my descriptions 
and figures of, Cremnoconchus (J. A. S. 13. 1870, xxxix, pt. 2, pp. 10—12, 

pi. 3, figs. 3, 4, 5) are incorrect. 

* 

• 36. COKBICULA TBAYAWCA. 

“ Cor. iravadica, Blunf. MSS.” Hanley, Con^i. Ind. p. 62, pi. civ, fig. 8. 

Testa fere aquilatcralis, rhomboideo omta, ventricosa , solidiuscula , 
concentrice striata atquo coslulis subremotis, interdnm plus minusve obso¬ 
lete, ornata, epulennidc olivaced induta, ini us viola cea : latere anlico ante 
, umbones prominentes subhorizontali, tunc Jere regulariter convexo, postico 
declivi, oblique subtruncatulo, donum subangulato, margin c vent ml i modico 
arernto; ligamento postice subito contracto. Lat. IO.j mm., long. 9, crams. 7. 
In alio exemplo long. Ill, l**t- 81, crass. 7. 

Hab. Ad Mandolay, urbem capitalom regni Avse. 

Shell nearly aiquivalve, rhomhoidally ovate, vontricose, thiclcish, con¬ 
centrically striated and ornamented with ribs rather wide apart often more 
or less obsolete. The colour of the epidermis is olive, that of the shell 
inside violet. Anterior sido nearly horizontal in front of the prominent um¬ 
bones, then almost regularly convox, the posterior side slopes away gently 
at first, then sharply, almost as if truncated, and forms a rounded angle 
with the ventftil margin, which is gently arcuate. The ligament behind is 
suddenly contracted and compressed, the hindermost portion, about a quarter 
of the length being very much smaller than the rest. 

Dimensions of one specimen:—length 0'42 inch, breadth from um- 
to ventral margin 0'36, thickness 0 28; of another much longer 
^•inell, the same measurements are 0*46, 0'34, and 0'28 inch. 

It is very possible that this may not be separable from some of the 
numerous other forms of the genus, but I can find none precisely agreeing. 
The form is more ventricosa and the umbones more prominent than in most 
29 
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Indian Corhiculee. The genus, like TJnio, appears to have been designed by 
a beneficent Providence for the amusement of species-makers. Many of 
the described local races in all probability pass more or less into each other. 

Explanation of tub Plates. 

Plate TI. 

Fig. 2. Euplccta vidua, var. minor, natural sizo. 

4. This shell has not been described, tho typo having been mislaid, and one 

figure, that shewing tho shell from the mouth, omitted in tho plato. 

5. Euplccta vidua, typical form, natural size. 

,, 8. Macrochlamys tenuicula , two views, natural size. In tho left hand figure 

♦ one whorl too many is represented, and in tho right hand figure the 
peristomo is represented as thick instead of very thin. 

„ 9. Macrochlamys latychlamys,, two views, natural sizo. In the right hand 

view tho lip should have boon represented as very thin. 

„ 10. Slreptaxis persona tux, three views, onlargcd two diameters, fair. 

„ 11. Slreptaxis cowinnus, three views, onlargod two diameters, teeth rather in¬ 

distinct, otherwise good. 

„ 12. Strcptaxis promts, three views, enlarged two diameters, tooth not correctly 

represented ; see description. <. 

„ 13. Strcptaxis compresses, throe views, enlarged four diameters; tho teeth are 

incorrect, especially in the middle figure, where three are represented 
on tho basal margin m the aperture instead of one only. 

„ 14. (Upper figure) Ennca subcaslulata, onlargod four diameters. The coltimellar 
tooth should be lower down. 

„ 14. (Lower figure) Ennea cxilis, enlarged four diamoters. All tho teeth are 

wrongly represented ; see description. 

„ 15. Ennca macrodon, enlarged four diameters. Tho teeth in the peristome are 
not distinct in the figure, and the large tooth insido tho base is omitted 
altogether. 

„ 16. Emu a stenostoma, var., enlarged four diameters. Teeth not correct, they 
should be precisely the same as in fig. 17. 

,, 17. Ennea stenostoma, typical form, enlarged four diameters. Tho mouth too 
broad, it should bo of the same shape as in fig. 16. Tho teeth are 
correct. 

„ 18. jRealia (Omphalofropis) anclcrsoni, enlarged two diameters : fair figure. 

„ 19. Jlttt/ia pallida, enlarged two diameters, not good, tho penultimate whorl 

is by far too largo, ami the suture wrongly drawn. 

„ 22. rahidomus travancorica, natural size, good figure. „ 

N. 1). As already noticed in tho text, several of the figures in this plate are 
unsatisfactory. In especial, the teeth in tho aperture of some forms of Ennea and 
Strtp!axis aro by no means accurately represented. Tho plato having been twice 
lithographed, it appears hopeless at present to try to obtain greater accuracy. The 
general form of tho shells is as a rulo correct. The imperfection of tho plate is partly 
duo to its having been lithographed during tho absence of the authof of the present 
paper. 

Plate III. 

Fig,, 1. Jlcmiplceta tinostoma. 

„ 2. Uemiplecta enisa. 

„ 3. Xestina albata. 

„ 4. Ariopha da immerita. 

„ 5. Macroi Vamys ivy met. 

„ 6. Spiracul im travancoricum. 

ii 7. Cataulm costulatus. 

N. B. The figures on this plate are all fairly good; all are of the natural 
except' lb. ' 
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XXI .—List of Diurnal Lepidoptera front Port Blair , Andaman Islands, 
with Descriptions of some new or little-known Species and of a new 
Species of Hestia from Burmah.—By J. Wood-Mason, Deputy 
Superintendent, Indian Museum, and L. du Nice'ville. 

(With Plate XIII.) 

The first collection o£ Andamanese Lcpidoptera of any importance was 
made by the native collector (Moti Ham) who accompanied Mr. Wood- 
Mason on his first visit to the Andaman Islands in the year 1872, and 
remained at Port Blair for some months after Mr. }Vood-Mason’s return 
to Calcutta, collecting insects in the immediate vicinjty of the settlement. 
This collection was entrusted for determination and description in this 
Journal to the late Mr. W. S. Atkinson, who, however, only described in 
the ‘ Proceedings of the Zoological Society’ two of the more obvious novel¬ 
ties, and eventually returned a few of the specimens to Mr. 0. Nevill, who 
at that time had charge of the Museum collection of lepidopterous insects, 
and who placed them in the collection. These specimens are included in 
the present list. 

Since 1872, numerous collections oE Lepidoptera have been formed at 
Port Blair and at Kamorta in the Nicobars by the olliocrs of the Port 
Blair establishment, and forwarded by them to England, where in 1877 
Mr. F. Moore examined all the material that had been thus collected and 
drew up a complete list of “ The Lepidopterous Fauna of the Andaman 
and Nicobar Islands,” describing therein many new species and varieties 
both of butterflies and moths. In this list, 71 species of rhopalocerous 
Lepidoptera are recorded as inhabitants of the Andaman Islands. Since 
Mr. Moore’s paper appeared, 4 new species and varieties of butterflies have 
beerf described by as many different authors, bringing up this number to 
75. In the present list, 29 additional species, flvo of them described for 
the first time, are recorded, making a total of 104,—a number which might 
no doubt bo largely increased by an experienced collector in a few weeks. 

Several common species which occur everywhere in the neighbouring 
regions are not recorded, and these are all the more conspicuous by their, 
absence from the circumstance that their supposed models are also absent; 
we allude to llypolimnas misippus, Elymnias undularis , and the 2nd and 3rd 
forms of the female of Papilio polytes, which respectively mimiek Danais 
chrysippus , Danais plexippus, Papilio hector, and Papilio aristolochiae. 
It is a curious fact that both in the Kulu valley and in the Simla district 
jn the- North-Western Himalayas, where Papilio hector and P. aristola• 
ehiae have never been found, the same forms of the female of Papilio 
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polytes are also absent: whether they are really absent from the Andaman 
Islands and the other regions mentioned, and, if so, whether they ceased 
to be developed or rather were exterminated as soon as the species spread 
into regions wherein neither of the forms which its females mimick 
exist, are interesting subjects for future enquiry. 

Tribe PAP1LIONES. 

Family NYMPHALIDA2. 

Subfamily Danainje. 

No representative of the genus Hestia has been received from Mr. 
de Roepstorff, but we are indebted to Capt. G. F. L. Marshall, R. E., for 
the gift of a specimen which that gentleman had received from Colonel 
Cadell, Chief Commifsioner of the Andamans and Nicobars, but which 
does not agree with Felder’s figure and description of Hestia agamarscliana , 
the only species of the genus hitherto recorded from those islands, either 
in the extent and relations of the black markings orin the shape and 
proportions of the wings; the former being larger, more or less coalescent 
generally, and completely run together at the outer margin so as go form 
a distinct black border to each wing, and the posterior pair of the latter 
being broadly rounded off at tho extremity and consequently not presenting 
the peculiar egg-shaped outline so characteristic of these organs in all the 
hitherto described Indian Hestias, e. g. t H. Lynceus, IT. Jasonia, etc., with 
the latter of which Felder compares his species; tho specimen apparently 
also differs from H. ayainarschana in having tho white of all the wings 
everywhere more or less clouded with minute black scales. H. agamars¬ 
cliana , it is true, to judge from Felder’s figure of it, has th? posterior 
wings a little less pointed, the anterior discal spots on the anterior ones 
obviously more elongated, with more black in the cell and behind it, and 
the markings generally larger than in J£. Jasonia , and it is, as might 
have been expected, more closely related to the specimen obtained by Col. 
Cadell than to any other species; but, large series of specimens having 
shown us how extremely constant the different species or local races of 
Hestia are, we cannot unite the two, and we think that the differences they 
present are in all probability due to a difference of station, and that Heifer 
may have obtained the specimen that served Felder for type on a different 
inland; all the lepidopterous insects of late years received from tho Andamans 
having been obtained in the immediate vicinity of the settlement at Port 
Blair, in an area therefore which is a very small fractional part indeed of 
the Andaman group of islands, which extends through nearly four degrees 
of latitude. We, therefore, propose to describe the specimen as. a new 
species under the name of 
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1. Hestia Cadelli, n. sp., PL XIII, Fig. 1, $. 

$. Allied to Hestia agamarschana , Felder. Wings above pure 
eubpellucid white clouded, especially on the outer halves, with minute black 
scales, and marked and veined with intense black ; all the markings larger, 
more or less coalesccnt, and blurred or paler at the margins, the veins 
more broadly black-bordered, and the marginal spots completely run 
together so that the wings are all, especially the posterior ones, distinctly 
bordered externally with black. 

Anterior wings relatively narrower and longer, being more than twice as 
long as broad, with the discoidal cell equal in length to the submedian vein, 
that is to say, to the inner margin, and all but as long as the outer margin 
measured in a straight line from the extremity of tha submedian vein to that 
of the subcostal; with the anterior discal spots more elongated and more 
completely coalesced, the spot between the first and second median veinlets 
alone constantly free, and the large rounded one internal to it in the same* 
cell coalescent # with the enlarged extremity of the cellular mark (which fills 
the cell nearly to the level of the origin of the second median veinlet, and 
is divided at the base of the wing by three indistinct longitudinal clouded 
white stieaks), and the. large mark in front of the submedian vein larger, 
triangular, and united by a black streak to the discal black spot beyond it. 

Posterior wings shorter and broader, with the outer margin more 
broadly rounded off, the cell and the interspaces beyond it broader, the 
spot in it larger, and all those around it free, though exhibiting a tendency 
to coalesce with the black margins of the veinlets. • 

Wings below dirty-white of a dull opalescent tinge* with fuscous- 
black markings and veins. 

Length of fore-wing 2‘45; extreme length of discoidal cell, 1‘38; 
expanse 5 inches. * 

Had. Port Blair, S. Andaman. 

W'e have much pleasure in naming this species after Colonel Cadell, 
Chief Commissioner of the Andamans and Nicobars, who obtained it, and 
who has shown himself no less ready than his predecessors to help those 
who are engaged in working out the interesting fauna of the islands under 
his charge. 

Obs. The specimens of Hestia which Hewitson, in his list of Butter¬ 
flies from the Andamans (Ann. & Mag. Nat. Hist., ser. 4, vol. xiv, 1874* 
p. 35C), considers to be specimens of H. agamarschana remarkable for 
their dark eolour, doubtless belong here. 

2. Damais melanoleuca. 

• Danais melanoleuca , Moore, Proc. Zool Soc. Lond. 1877, p. 581, pi, lviii, flg. 3. 

Numerous specimens of both sexes (A. de Roejjstorf and Moti Ram). 
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3. Euplcba core. 

Tapilio core, Cramer, Pap. Exot. 1782, vol. iii, pi. 268, figs. E, F. 

Euplcea core, Butler, Joum. Liun. Soc. Lond., Zoology, 1878, vol. xiv, p. 301. 

One female ( Moti Mam) agreeing with Bengal specimens. 

4. EUPLOSA AITOAMANENSIS. 

Euplcea andamanensis, Atkinson, Proc. Zool. Soc. Lond. 1873, p. 736, pi. lxiii, 
fig. 2, £ • Butler, op. cit. p. 300. 

Numerous males and females (A. de M. and Moti Mam ). 

This is one of the species described from the collection made by Moti 
Bam in 1872. 

C 

Subfamily SATmiNiE. 

6. Lethe europa. 

Tap. europa, Fabr. Syst. Entom. 1775, p. 500. 

Males and females, all remarkably fine specimens. 

6. Melanitts leda. 

Males and females (A. de R. and Moti Mam) and males of M. ismene , Cr. 

7. Mycalesis mineus, Linn. 

„ drusia, Cr. 

„ blasius, Fabr. 

Males and«females (A. de M. and Moti Mam). 

8. Mycalesis otrea. 

Tap. otrea, Cramor, Pap. Exot. 1782, vol. iv, pi. 314, figs. A, B. 

- francisca, Id., ibid., pi. 326, figs. E, F. 

A female of ono of the numerous varieties of this species. 

8. Mycalesis radza. 

M. radza, Moore, Proc. Zool. Soc. Lond. 1877, p. 683, pi. lviii, fig. 2. 

One male and two females. 

9. Elymntas cottonis. 

M. cottonis , Hewitson, Ann. Mag. Nat. Hist. 1874, sor. 4, vol. xiv, p. 358, £ <j>. 

Numerous males ( A. de M. and Moti Mam) ; one female ( A. de 22.). 

Subfamily Morphinje. 

10. Discophora celinde. 

Pap. celinde, Stoll, Pap. Exot. Suppl. 1790, pi. 37, figs. 1,1 A. 

One female. 
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Subfamily Nymphalinje. 

11. Cethosia nicobarica. 

Polder, Yerhand. zool.-bot. Gcsellseh. Wien, 1862, vol. xii, p. 484; Novara Boise, 
Lop. p. 884, pi. xlviii, figs. 7, 8, £.—Mooro, Proc. Zool. Soc. Lond. 1877, p. 583, ?. 

Two pairs (Moti Ram) and one male (A. de R.) agreeing perfectly 
with specimens from the Nicobars. 

12. ATELLA ATiCtPPE. 

Pap. aleippe, Cramer, Pap. Exot. 1782, vol. iv, pi. 389, figs. G, H. 

Numerous specimens, male and female (A. de R. and Moti Ram). 

13. CmniTOcmtOA anjira.* 

C. anjira, Moore, Proc. Zool. Soc. Lond. 1877, p. 584, $ ?. 

Males and females. 


14. Cynthta erota. 

Pap. erota, Fabr., Entom. Syst. 1793, vol. iii, p. 76. 

{Numerous males and females. 

15. Messaeas erymanttiis, tar. nicobarica. 

Felder, Yerh. zool.-bot. Gescllscli. Wien, 1862, vol. xii, p. 486. 

Males and a female. 

16. JuNOSTA (ENONE. 

Pap. aenone , Linn., Cramer, Pap. Exot. 1775, vol. i, pi. 35, figs. A, B, 0. * 

Numerous males and females (A. de R. and Moti Ram). 

17. JUNONTA ALMANA. 

Pap. almana. Linn., Cramer, Pap. Exot. 1776, vol. i, pi. 58, figs. F, G. 

m One pair. 


18. Jenonia asterie. 

Pap. asterie , Linn., Cramer, Pap. Exot. 1775, vol. i, pi. 58, figs. D, E. 

Threew males and two females. 

19. Dolescitallta bisaltide. 

Pap. bisaltide , Cramer, Pap. Exot. 1779, vol. ii, pi. 102, figs. C, D. 

Numerous fine specimens of both sexes. Specimens were also obtained 
by Moti Bam in 1872. 

20. Kalltma albofasciata. 

■ K. albofaseiata, Moore, Proc. Zool. Soc. Lond. 1877, p. 684. 

Male and female. 
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j81. EtJRTTELA HORSFIELDII. 

Eurytela horsfieldii, Boisduval, Faun. Ent. Madag, 1833, p. 64, £. 

——— ■ stephcnsii , Id., ibid. p. 65, g. 

A single male. 

22. Ctrestis cocles. 

Pap. cocles, Fabr., Moore, Proc. Zool Soc. London, 1878, p. 829. 

? Cyrestis formosa, Felder, Beise Novara, Lep. p. 412, $. 

A single male of tliis delicately tinted butterfly. 

23. Cyrestis thyodamas. 

Cyr. thyodamas , Boisd. in Cuv. 11. A. 1836, Ins., pi. 138, fig. 4. Doubld. Westw. 
and How. Gon. D. L., pi. 32, fig. 3. 

Amathusia ganescha , Koll. in Hugel’s Kasokmir, 1848, vol. ir, p. 430, pi. 7, 
figs. 3, 4. 

One male. 


24. IIypoltmnas boltna. 

Pap. iolina, Linn., Clerk’s leones, pi. 21. —Diadema bolina, Wallace, Trans. Ent. 
Soc. Lond. 1869, p. 278. 

'Numerous male and females (A. de It. and Moti Dam). 

' 25. IIerona marathus, var. andamana. 

Herona marathus, Westw. Doubl. and Hew. Gen. D. Lop. 1850, p. 293, pi. 41, fig. 3. 
—- andamana, Moore, Proc. Zool. Soc. Lond. 1877, p. 585, $ g . 

Two males and a female. 

26. Pabthenos gambrisius. 

Pap. gambrisius, Fabr. 

Numerous specimens of each sex (A. de R. and Moti Ram). 

t 

27. Neptis mananda. 

2f. mananda , Moore, Proc. Zool. Soc. Lond. 1877, p. 686, pi. lviii, fig. 4, $. 

Two pairs (A. de R. and Moti Ram). 

Seems very near to N. Tchasiana. 

28. Neptis andamana. 

N . andamana , Moore, Proo. Zool. Soc. Lond. It 77, p. 686, g. 

Five males and a^emale (A. de R. and Moti Ram). 
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29. Athyma selenophoba. 

Limenitia aelmophora , Soli, in Hiigel’s Kaschmir, 1848, vol. iv, p. 426, pi. vii, 
figs. 1, 2, <?. * 

A female, the only one in the Museum, was obtained by Moti Ram 
in 1872. 

30. SYMPHiEDEA TEUTA, Var. TEUTOIDES. 

8. teutoides , Moore, Proc. Zool. Soc. Lond. 1877, p. 686, <? ? . 

Males and females (A. de It. and Moti Bam). 

31. Tanaecta cibaettis. 

Adoliaa eibaritia, Hewitson, Ann. & Mag. Nat. Hist. 1874, eer. 4, toI. xiv, p. 868; 
Exot. Butt. vol. v, Adoliaa , pl. iv, figs. 12, 13, 15, <J 2. * 

Tameeia eibaritia, Mooro, Proc. Zool. Soc. Lond. 1877, p. 586. 

Numerous males and females (A. de B. and Moti Bam). 

32. Tanaecia acontius. 

Adoliaa acontius, Hewitson, loc. cit. p. 357; Exot. Butt. vol. v, Adoliaa, pl. iv, 
fig. 11, p . Tanaecta acontius , Moore, Proc. Zool. Soc. Lond. 1877, p. 586. 

One female. 


33. Limenitis pboceis, var. astaeta. 

L. anarta, Moore, Proc. Zool. Soc. Lond. 1877, p. 585. 

One female. 

34. Nymphalts atiiamas. 

Pap. athamas, Drury, 111. Exot. Entom. 1773, vol. i, pl. ii, fig. 4 . 
One female. 


Family ERYCINIM1. 

35. Abjsaea bifasciata. 

A. bifasciata , Moore, Proc. Zool. Soc. Lond. 1877, p. 587, pl. lviii, fig. 1, $. 
Three females. 

Family LYOENIDA3. 

36. Lampides audates. 

Lycaena ardates , Moore, Proc. Zool. Soc. Lond. 1874, p. 674, pl. Ixvii, fig. 1, &. 
One female. 

37. Lampides jeltanus. 

Heap, oelianua, Fabr., Lycaena aelianua, Horsficld, Cat. Lep. E. I. Co., 1829, p. 78, 
One male. 
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88. Lampides elpis. 

Folyomm, elpis, Go<ft., Encyclo. M€th. Ins. vol. ix, p. 654 .—Lycaena elpis, Ilorsfield, 
opcit. p. 76, pi. 1, fig. 4, ? <J. 

One female and one male (A. de B. and Moti Bam). 

39. Lampides pandaya. 

Lycaena pandava, Ilorsfield, op. cit. p. 84, ? . 

One female. 


40. Lampides conf. pactoltts. 

9. Wings above much as in L. pactolus, differing in having the dark 
fuscous outer border of the anterior wing spotless and that of the posterior 
wing very much less distinctly marked in the same manner, no discoeellular 
mark in either wing, and the whole upperside apparently more clouded 
with smoky fuscous scales. 

Wings beneath very pale fuscous, with a submarginal, fascia composed 
of rhomboid spots and a marginal one of narrow oval spots fuscous of a 
rather darker shade than the ground, both margined and connected together 
by whitish, the latter of them developed, in the interval between the first 
and second median branches, into a conspicuous jet-black circular spot 
divided externally by a semicircle of pale blue metallic scales and encircled 
internally by luteous white, and into two minute ones, one on each side 
of the submedian vein, internally covered with blue scales. 

Anterior wings with two small subcostal spots, a short discoeellular 
fascicle, and a discal fascia strongly faulted at the second median veinlet so 
that the outer white margin of its posterior portion is in lino with that of 
its anterior portion, and the inner white maigin of its posterior portion in 
line with the discoeellular veinlet. 

Posterior wings with a similar disffoccllular fasciole, and complexly 
faulted and contorted discal and basal fasciae; all the fasciae in all the 
wings margined on both sides with fuscous of a very slightly deeper tint 
than the ground and with whitish. 

Since tho above description was written, wo have dircovered that 
five unnamed insects in the Museum from Cherrapunji in the Khasi Hills, 
the Sikkim Hills, and Sibsagar (8. E. Beal) in upper Assam are males of 
this species, and the following is a brief description of one of them :— 

$. Wings above semitranslucent palish fuscous with a light and 
tolerably brilliant amethystine lustre, edged with a darker anteciliary line. 

Wings below much as in the female, with the macular submarginal 
fuscous fascia of all the wings broader, and the anal and subanal black 
. spots rather larger and conspicuously encircled with fulvous internally. 
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Length of anterior wing 2 72, 3 58—'68; whence expanse = 9 
15, S 1*2—1*4 inches. 

f 

41. LAMPIDES PLUMBEOMICAH8, n. Sp. 

Closely allied to the preceding, but much smaller ; with three instead, 
of two fasciae on the underside of the anterior wings, with all the fasciae 
relatively broader, and with thoso of the posterior wings much less com¬ 
plexly faulted and contorted. 

<f. Wings above dark amethyst-purple with a dull greyish leaden 
metallic lustre, with a deep black anteoiliary line and fuscous fringe. 

Wings beneath pale fuscous of a purplish tinge, with a marginal and 
a submarginal fascia composed of suboval spots of a darker shade 
than the ground, both margined and connected by whitish, the latter 
of them bearing in the posterior wings subanal and anal black spots in 
every respect as in the preceding except that the luteous inner lino is 
rather more distinct. 

Apterior wings with a basal fascia, a discoccllular fascicle, and a discal 
fascia faulted as in the preceding at tho second median veinlet; with the 
fasciae as also the fascicle commencing at the costal vein where they are 
all broken. 

Posterior wings with corresponding fasciole and fascia), which latter 
are more or less faulted at every vein though much less contorted and 
consequently more easily traced than in the preceding ; fascia) and faicioles 
of both wings margined on both sides with fuscous of a rather deeper 
shade than the ground and with whitish. 

?. Wings above dull smoky. 

Anterior wings with a pale discal patch which has a brilliant metallic 
pale bluish lustre in certain lights. 

Posterior wings with a thin interrupted white line before the dark 
antcciliary one and a submarginal row of dark spots before it, spots and line 
increasing in size, breadth, and distinctness from tho apical angle to the 
subanal region, the former obscurely encircled internally with smoky 
whitish. 

Wings beneath lighter, with all the markings more pronounced, being 
margined with fuscous much darker than tho ground and with pure white, 
and the marginal and submarginal macular fasciae, especially conspicuous 
and coarse. 

Length of anterior wing $ ’56, ? ‘58, whence expanse = i 1-12, 
2 1*16 inches. 

Two males and a female. 
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42. POLYOMMATUS SANGRA. 

P. sangra , Moore, Proc. Zool. Soc. Lond. 1865, p. 772, pi. 41, fig. 8, g . 
Innumerable males and females. The commonest ‘ blue’ in Calcutta, 
being obtainable in any number wherever there is a patch of grass. 

43. Aphnjeus lohtta, var. zoilus. 

A. zoilus, Moore, Proc. Zool. Soc. rfond. 1877, p. 588, g . 

$. Larger than the male. Upperside smoky brown, marked ob¬ 
scurely with darker bands corresponding to those of the underside. 
Underside with the intervals between the hands wider owing to the 
greater breadth of the wings. In all other respects as in the male.. 

Length of fore-Wing ‘7 ; whence expanse = 1*46 inches. 

Males and one female. 

44. IIypolycjena ertlus. 

E. stylus (Godart), Hewitaon, Ill. D. Lop. Lyc. p. 49, pi. xxi, fig. 1 «J, 2, 4 $. 

JET. andamana, Mooro, Proc. Zool. Soc. Lond. 1877, p. 589, g $. 

Three males and a female. Absolutely indistinguishable frot^ fresh 
Sikkim specimens. 

45. Sithon sugriva, var. areca. 

Amblypodia sugriva, Horsfield, Cat. Lop. E. I. Co. 1829, p. 105, pi. i, figs. 10, 10a, g. 

Myrina sugriva, Horsfield and Moore, Cat. Lep E. I. Co. p. 51, pi. la, fig. 12, g . 

Myrina areea, Folder, Yerhand, zool.-bot. Gosollsch. Wien, 1862, vol. xii, 
p. 481,‘d. 

$, Smaller than the male. Upperside sepia-brown with a bronzy 
gloss, the spots and fasciae of the undersido scarcely showing through. 
Hindwing with a pure white patch divided by the brown veins, margined 
externally by a fine and sharp dark brown or black anteciliary line, and 
marked by a large circular black spot at the base of the tail on the 
anterior side and by another smaller lighter and less distinct one on the 
posterior side; with the caudal lobe blackish, and the tails black with pure 
white cilia. Underside pure white marked as in the male with dark 
sepia-brown fasciae and spots, but with tho black caudal spots larger and 
the cilia of the posterior part of the hind-wing pure white like those of 
the tails. 

Length of fore-wing *66 ; whence expanse- = 1*38 inches. 

It differs from S. phocides ? (= S.jolcus (Felder), Hew., Ill. D. Lep. 
Lyc. pi. xiii, figs. 16, 17) in the far less extent of the white patch on the 
upperside of the hind-wing, and in the larger size and darker colour of 
the spots and fasciae, as well as in the greater pureness of the white, 
of the underside generally. 
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One male and one female, the former differing from a specimen from 
the Indian continent (Sylhet) only in its rather darker and more distinctly 
marked underside. The lighter apical portion of the fore-wing in the 
male has a beautiful bronzy gloss changing to dark purple according to 
the incidence of the light. Both the insular and continental specimen, 
but especially the former, present slight traces of the blue marginal band so 
conspicuous in the hind-wings of Javan and Ceylonese examples, in tlio 
shape of a small patch of metallic green scales on the anterior caudal 
lobe. 

The male of this species, with its velvety black upporside, rich dark 
brown underside, and elongated hind-wings produced into long robust buff 
tails, presents a strong contrast to the dull-coloured female with her 
pure dazzling white underside conspicuously spotted and banded with dark 
brown, broader wings, and comparatively short and feeble white and black 
tails. 

Sithon kamorta is not the female of 8. sugriva , var. arcca, as Felder 
has suggested* but that of a distinct though closely-allied species peculiar 
to the Nieobars, whence the Museum has recently received a specimen of 
the true male differing from S. kamorta just in the same way as S. sugriva 
S does from its female, which appears not to have been previously described. 

46. Sithon westermannii, var. 

Dipsas westermannii ', Felder, fteise Novara, Lep. p. 211, pi. xxx, figs. 21, 22, 9 , 
from Luzon. 

A male and a female, the latter differing from the former id having 
the uppersido smoke-brown instead of purplish fuscous, no diseal pale 
patch in tho fore-wing, the bind-wing devoid of blue, and the underside 
ocbraceous-brown instead of dark fawn-colour with a vinous tinge. The 
male differs from the same sex of 8. westermannii, in having less blue on 
tbo upper surface, and the anal spot completely encircled with grey scales. 

A comparison of Andamanese with Philippine specimens would, we 
have no doubt, show that the former is just as much entitled to a name 
of its own as the latter. Both are merely insular races of the Indian 
continental S.Jangala. 

47. Sithon tarpina. 

Myrina tarpina , Hewitson, Ill. D. Lep. Lyc. Suppl. 1877, p. 23, pi. (Suppl.) iii a, 
figs. 93, 94, ?. 

d . Uppebside rich deep metallic violet-blue, with the anterior 
margin of the fore-wing narrowly, and the external margiu of both wings 
more broadly and decreasingly bordered with black. Underside with 
about the basal two-thirds of both wings coerulescent or virescent opaque 
dead white, the rich red-brown of the outer margins darker but similarly 
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banded and marked with white, and the orange spots smaller with a diffused 
patch of greyish white scales between them and two or three in front of 
them all somewhat confounded with the white marginal line. 

Three specimens. 

Length of forewing '84 ; whence expanse = 1‘78 inches. 

48. Deudobtx epijabbas. 

JDipsas epijarbas, Mooro, Cat. Lop E. T. Co. 1857, vol. i, p. 32, $ ? . 

Dcudorix epijarbas, IIow., Ill. D. Lop. Lye. pi. vii, figs. 16, 18, 17, ?. 

Very numerous specimens of both sexes. 

49. Deudorix dieneces. 

D. dieneces, Hewitson, ill. D. Lop. Lyc. Suppl. 1878, p. 31, pi. v a, figs. 65, 67 

66 ?. 

Males and females. 

The Museum possesses males from Silliet and Calcutta also. 

50. Deudobtx orsets. 

JD. orseis, Howitson, Ill. D. Lop. Lyc. 1863, p. 23, $. 

9. Upperside lighter, with a distinct purple gloss which has a light 
steel-bluish tint at the base of all the wings. Underside lighter, with all 
the markings more distinct. 

Length of fore-wing -08 ; whence expanse = 1*42 inches. 

Two males and two females. 

i 

51., Deudorix taruna. 

Theda varuna, Horsfield, Cat. Lep. E. I. Co. 1829, p. 91, ? . 

A single male. 


62. Mtrina atymntts, var. p radii a. 

I 

Myrina prabha, Moore, Proc. Zool. Soc. Load. 1877, p. 589, pi. lviii, fig. 6, ?. 

Males and female. 

53. AMBLYrODIA N AH AD A, Var. EltICIISONII. 

c 

Amblypodia narada, Horsfield, Cat. Lop. E. I. Co. 1829, p. 98, pi. 1, fig. 8, 3 ?. 

- erichsonii , Felder, lteise Novara, Lop. p. 218, ? , from Luzon. 

Two females. 


64. Abhopala centaurus, var. coruscans. 

JPap. centattrus, Fabr. Ambly. centaurus, Horsf., Cat. Lep. E. I. Co. 1829, p. 102. 
Hewitson, Cat. Lyc. Brit. Mus. pi. ii, figs. 10—13, 6 2 • 

Male and female; the latter much smaller than the former. The 
bases of both wings in both sexes, but especially in the female, lighter, 
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with a greenish tinge, so that the whole central portion of the insects 
appears brilliantly illuminated by a pale greenish blue reflection in most 
lights. 

55. SUBENDRA QUERCETORUM, Var. LATTMARGO. 

S. latimargo, Mooro, l’roe. Zool. Soc. Lond. 1879, p. 142, £ £. 

A male and two females. 

Is A. qucrcelorum itself more than a local race or variety of A. vivarna, 
Horslicld, Cat. Lep. E. I. Co. 1820, p. 09, from Java ? 

Family PAPILIONIDAS. . * 

Subfamily Pierinjb. 

56. Tebias uecabe. 

Pap. hecabe, Linn. 

Males and a female. 

• 

57. Tebias harina. 

T. harina, Horsfield, Cat. Lep. E. I. Co. 1829, p. 137. 

Males and females. 


58. Hebomoia roepstorffii. 

H. Itoepstorjli, "Wood-Mason, antoa, p. 134 <?, ct p. 1.10, J. 

“ $ . Differs from II. glaucippe, the only species of the genus with 
which I have been able to compare it, on the upperside, in having the 
apical orange patch of the fore-wing larger, extended into the cell, and loss 
broadly bordered with fuscous, both internally and externally ; the submar¬ 
ginal fuscous spots smaller and completely isolated from the fuscous of the 
outer mdrgin ; the fore-wing at the posterior angle tinged, and the bind¬ 
ing externally broadly bordered, with bright sulphur-yellow, which colour 
is shaded off into the cream-colour of the rest of both wings; and the 
outer margin of the hind-wing narrowly edged with fuscous, which gradually 
broadens from the anal to the anterior angle and extends inwards in points 
at the veins :—and, on the underside, in having the brown mottling of 
the fore-wing arranged in the form of a tolerably conspicuous band coin¬ 
cident with the macular band of the upperside ; and the ground-colour of 
the hind-wing, as also that of the mottled portion of the fore-wing, of a 
rich golden-luteous colour. 

length of fore-wing 176; whence expanse = 3 62 inches. 

9 . Upperside. Fore-wing with the orange patch devoid of amethys- 
tipp, gloss, externally more broadly bordered with fuscous (which at each 
veinlet gives off inwards an angular process the extremity of which is 
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continued on as a very narrow edging to each side of the veinlet), but in¬ 
ternally much less distinctly so tlian in the male ; with the cell more 
clouded with dark scales ; and with the sulphur-colour at the inner angle 
more diffused. Hind-wing with a marginal row of large subtriangular 
fuscous spots placed upon the veinlets from the first subcostal to the first 
median (the two last obsolete), decreasing from the second in the direction 
of the anal angle, and connected together at the extreme margin of the 
wing by a narrow edging of the same colour, which extends to the anal 
angle ; with a submarginal series of six roundish spots, similarly decreasing 
from the first, and alternating with those of the marginal series, each 
being placed upon a fold, the first and largest on the fold between the 
costa and the first branch of the subcostal, aud the last ou that between 
the first and second median veinlets; and with the sulphur-colour around 
the four intermediate submarginal spots stained with orange. Underside 
of both wings paler. 

Length of fore-wing 17 ; whence expanso = 35 inches. 

Hab. South Andaman. 

In a specimen of the male from the collection of Captain G. F. L. Mar¬ 
shall, the submarginal fuscous spots of the fore-wing are obsolete. 

The place of this species would seem to be between H. vossii (Mait¬ 
land) and H. sulphurea, Wallace.” 

59. IXIAS AND AM AN A. 

J. ahdamana, Moore, Froc. Zool. Soc. Lond. 1877, p. 590, <f ?. 

Numerous males and females (A! de H. and Moti Dam). 

(JO. CATOPSILIA CROCALE. 

Tap. crocale, Cramer, Pap. Exot. 1779, vol. i, pi. lv, figs. C, D, ?. 

Callidryas crocale , Butler. Lop. Exot. 1869-74, p. 22, pi. ix, figs. 1, 2, 3, 6, $ 

Two males. 


61. PlERIS NADINA, Var. NAMA. 

Tieris nadina , Lucas, in Guerin’s Itev. ot Mag. Zool. 1852, ser. 2, vol.'Iv, p. 333, $. 
T. tiama, Moore, Froc. Zool. Soc. Lond. 1857, p. 102, pi. 44, figs. 1, 2, 3 $. 
-Hewitson, Ex. Butt. Tieridae , pi. 6, fig. 37. 

Males and females. 

62. PlEBIS CORONIS, var. LICHINOSA. 

Tap. coronit, Cramer, Pap. Exot. vol. i, 1776, pi. 44, figs. B, 0. 

Tier, lichenoia , Moore, Froc* Zool. Soc. Lond. 1877, p. 691. , 

Two pairs. 
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63. Eiionia. valerta, var. naraka. 

Tap. Valeria , Cramer, Pap. Exot. 1779, vol. i, pi. 85, fig. A, $. 

JSroiiia uaralca , Moore, Troc. Zool. Soc. Lond. 1877, p. 591, <J ?. 

Males and a female. 

The Javan specimens of the male described by Horsfield and figured 
by Cramer both have the black outer border of the anterior as well as the 
posterior wings immaculate, and thus agree more closely with the S. Indian 
(var. pingasa), Ceylonese (var. ceylonica), and Andamanese (var. narajea) 
varieties. As might have been expected from its more northern station, 
the Andamanese more nearly approaches tlio north Indian form (var. gaca). 

64. TaCITYHIS PAULINA. 

Tap. paulina, Cramer, Tap. Exot. vol. ii, pi. 110, figs. Ej P, ? . 

Ticris albina, Boisd., Sp. Gen. Lop. p. 480, <?. 

Tachyris paulina, Wallace, Trans. Ent. Soc. Lond. 1867, sor. 3, vol. iv, p. 3G9. 

Two males and two (white) females differing in no respect from those 
of continental^India (Naga Hills, Cacliar, Bhutan, and Madras). 

Tachyris galathea, Felder, is a perfectly distinct race peculiar to 
the Nicobars, whence we have specimens. 

Subfamily Papit.tonw.e. 

65. Ormthopteua nicLiAcoNoriJES. 

m 

Ornith. heliconoides, Moore, l’roc. Zool. Soc. Lond. 1877, p. 692, <J 

A male and a female. * 

66. Papilto ctiatucles. 

T. ehariclce, Ilcwitson, Ann. & Mag. Nat. Hist. 1871, scr. 4, vol. xiv, p. 368; 
Exot. Butt. vol. v, Tup. pi. xiv, fig. 45, ?. 

4 One female of the 3rd form (Moti Sam). 

This is the Andaman representative of the continental P. androgeus ; 
it*is interesting to find that it has acquired the red tails of its model, 
P. rhodifer, the slight Andamanese modification of the continental P. 
doubleday i. 

• 67. Papilto mayo. 

P. mayo , Atkinson, Proc. Zool. Soc. Lond. 1873, p. 736, pi. lxiii, fig. 1, rf. 

Two males (A. de S. and Moti Sam). The species was described by 
Atkinson without acknowledgment from the specimens obtained by Moti 
Bam. 

The Andamanese representative of the continental P. polymnestor. 

68. Papilto polytics, var. nikobarus. 

Telder, Verh. zool.-l>ot. Gesellsch. Wien, 1862, vol. xii, p. 483. 

Males and femiUes of the first form only ( A . de S. and Moti Sam), 

81 • 
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69. PaPILTO AGAMEMNON. 

Males and females ( A. de R. and Moti Ram). 

70. Papilio EimrPYLus. 

One pair. 

71. Paptlto clytta, var. flatolimbatus. 

P. dissimilis, var. Jlavolimbalus, Obcrthiir, Etudes d’Entom. 4 mo livr. p. 101, J. 

This variety agrees in the size and distinctness of the cretaceous white 
markings of the upperside best with specimens from Silhet, Sibsagar, and 
Burmah on the Indian mainland, bi.t differs from them, as indeed it does 
from all specimens in the Museum, in the large amount of rich golden 
yellow at the outer margin on both sides of the posterior wings: the marginal 
and submarginal flavous spots seen at the anal angle of the wing in most 
continental specimens are in this case so completely run together on both 
sides as to have left only a small central spot of the black ground-colour 
that separates them from one another in continental specimens ; they are 
succeeded by a series of six (incisural) marginal spots of the same colour ; 
the submarginal lunulcs are much larger and more spear-shaped and,‘more¬ 
over, sullied with yellow, especially the one near the anal blotch: on the 
underside, the marginal golden yellow spots are larger and tend to coalesce 
with the hastate submarginal markings, which consequently are more 
suffuseg. with yellow than they are on the upperside. 

A single male. 

c 

72. Papilio labstryoonum. 

P. laestrt/ffonum, Wood-Mason, Proc. Asiat. Soc. Bengal, June, 1880, p. 102, 
et antoa, p. 178, pi. vi, lig. 1, let, $. 

P. epaminondas, Oberthiir, Etudes d’Entom. 4 mo livr. p. 62, pi. iv, fig. 1, g. 4 

“ & . Wings above cretaceous-white, the anterior ones black at the 
insertion, scarcely tinged with greenish at the base, with five black bands 
commencing at the anterior margin and cutting the cell, the first basal, 
extending to the inner margin, the second rather broader, also extending 
to the inner margin, and emitting a short conical process at t^o origin of 
the first median veinlet, the third scarcely broader, extending to the median 
vein, the fourth narrower, triangular, reaching or all but reaching the 
median vein, the fifth much the broadest of all, triangular, divided'ari&etidr- 
ly into two forks by a curved narrow decreasing and interrupted banpf o| 
the ground-colour running from the costal vein to the third 
extending to the inner margin, separated from the black outer 1 tnaifmal 
band by a band of the ground-colour divided by the black veins Irtid very 
slightly if at all narrowing from the anterior margin up to the seebnd 
median veinlet, whence it gradually decreases in width and distinctness fcb 
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..the inner angle ; all these black bands connected at the anterior margin, 
and tho first, second, and fifth of them at the inner margin also, by a very 
narrow edging of black. 

Posterior wings with two black bands commencing and connected at 
the anterior margin and coinciding with bands of the underside, one 
basal, extending to the end of the first half of tho first median veinlet, and 
the other discal, extending a short distance into the space between the 2nd 
and 3rd median veililets ; with a small black spot near the end of the cell 
scarcely distinct from the discal band ; with four discal spots immediately 
beyond the cell running nearly parallel with the band, the first and largest 
transversly elongated and coinciding with a spot on the underside, the rest 
smaller than the corresponding ones on the underside, which latter aro 
consequently seen through the wing-membrane beyond the margins of the 
former ; with' a black spot succeeded by one of lutcous at the anal angle; 
with a marginal and submarginal series of black 1 unulcs eoalcseont in tho 
anterior third but more distinct in the posterior two-thirds of the wing, 
where the two* series are more or less separated from one another by ashy- 
grey ^scales continuous with the ashy patch occupying the outer third of 
the wing and extending also along so as to obscure the ultra-cellular part 
of tho basal black band ; with the discal band and spots more or less 
irrorated and obscured with ashy-grey scales so that the disk of the wing 
appears mottled with black and grey ; and with the black tails, as also the 
incisures, margined with cretaceous-white. 

Wings below pure white, anterior ones marked as above, vjith the 
ground-colour at the base and between the black bands as far as the 
median vein and its second branch yellowish ; with the band of ground¬ 
colour separating the fifth black band from tho black outer border distinct, 
and not decreasing hut on the contrary rather increasing in breadth, to the 
inner angle; and with the curved line dividing the fifth black band into 
tvfo forks more distinct and less discontinuous. 

Posterior wings, from tho base up to the median vein and the discal 
black band, yellowish, with three black bands, one narrow running from the 
insertion along the inner margin close to the abdominal fold, and two 
broader commencing and connected at the anterior margin and cutting the 
cell, one of these latter basal, extending nearly to the end of the basal half 
ofthe first median veinlet, and the other discal, some distance into tho 
Opace between the 2nd and 3rd median veinlets, the two first of the three 
band? epnnected together at their outer extremities and with two largish 
black spots in the anal region ; with a small black spot near the 
extremity of the cell, and six of the same colour immediately beyond it 
disposed in a line which runs straight from the costal vein as far as the 
cell*, but then curves abruptly inwards, the first of these spots transversely 
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elongated, extending from vein to vein, and connected with the second, 
which is roundish and itself connected with the discal band, the third oval, 
about one-third the size of the second, and touching the discoccllular 
veinlet, the fourth twice the size of the third, in contact with the median 
vein and its two last branches, the fifth rather smaller than the third, the 
sixth crescentic and connected with the two above-mentioned large spots in 
the anal region ; with six large diffused luteous blotches externally mar¬ 
gined with black, and increasing in size and depth of colour from the 
anterior to the inner margin ; with the ground-colour between these 
blotches and the discal black spots pure white ; with an increasing series 
of six marginal lunules, between which and the wavy black margins of the 
luteous blotches the ground-colour is white in the anterior and grey or 
greyish-white in the posterior portion of the wings ; aud with the incisures 
and the tails margined with lutcscent. 

Head black with two white frontal bands; pronotum with a luteous 
spot on each side; thorax above jet-black ornamented at the sides with 
long grey setse, below cretaceous-white ; abdomen cretaceous-white with a 
tapering dorsal black band and two lateral fuscous ones. . 

Length of anterior wing 1*7 ; whence expanse = 8‘6 inches. 

Had. South Andaman. Two males. 

To mark its close relationship to A. anlipTmtcs , I have called the 
species P. lacstrygonum after the mythical people over whom Antiphates 
is supposed to have reigned. It differs from its nearest ally in having the 
upperside much blacker (the bands of the forewing being broader; the first, 
second, and fifth of them together with the marginal one extending to the 
inner margin, where they are all connected together by a very narrow black 
edging; and the disk of the hindwing mottled as it were by black and 
grey), a much greater extent of grey, and more highly developed marginal 
and submarginal lunules on the hindwing ; in the abdomen being dorsally 
banded with black and the thorax ornamented with grey setae, &o.” 


73. Papilto bhodifer. 

P. rhodifer , Butler, Ent. Month. Mag., vol. xiii, 1876, p. 67. 
Five males. 


Fam. IIESPERIDJE. 

74. IsMENE CUROMUS. 

Numerous examples (A. de jB. and Moti Ram). <• 
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75. ISMENE ARIA. 

Ismetie ana, Moore, Proc. Zool. Soc. Load., 1865, p. 784, $ g .—Hcwitson, Exot. 
Butt., vol. iv, Hesp., pi. iii, figs. 24, 26, g. 

Male and female. 


7G. ISMENE LEBADEA. 

Heeperia leladea , Hewitson, Exot. Butt., 1868, vol. iv, Hesp. pi. iii, figs. 22, 23, &. 
One male. 


77. IsMETTE DRTJtfA. 

I. drttna, Moore, Proc. Zool. Soc. Load. 1865, p. 78-4, <J.—Hcwitson, Exot. Butt, 
vol. iv, 1868, ITesp. pi. iii, fig. 26, 3. . 

Two males. 


78. Tacuaues ravt. 

Ptcrygospidea ravi, Moore, Proc. Zool. Soc. Lond. 1865, p. 779, £ g. 

One mal<? and two females. 

79. Taqiades alica. 

T. alica, Moore, Proc. Zool. Soc. Lond. 1877, p. 593, pi. lviii, fig. 11, <?. 

9. Above lighter, the dark markings consequently appearing more 
prominent. 

The anterior wing has a minute transparent speck behind the three 
subapical ones, a very indistinct and small double whitish spot near the 
end of the cell on the upperside, and two riiscal whitish spots on tho under¬ 
side, the anterior one of which only is partially transparent and visible on 
tho upperside. 

The posterior wing is less white abovo and has tho anal angle rounded 
as in T. ohscurus. 

Male and female. 


80. Plesioneura alysos. 

P. alysos, Moore, Proc. Zool. Soc. Lond. 1865, p. 789. 

Many specimens. 

81. Hesperia oceia. 

- £T. oceia, Hewitson, Dobc. Hosp. 1868, p. 31. 

Mates. 

• 82. Hesperia colaca. 

*' . .*■ 

. JT. 0 laca, Mooro, Proc. Zool. Soo. Lond. 1877, p. 694, pi. lviii, fig. 7, d g. 
Two specimens. 
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83. Hesperia cattira. 

B. eahtra, Mooro, Proc. Zool, Soc. Loud. 1877, p. 593, pi. lviii, fig. 8, <f $. 

Males and females. 


84. Halre beturia. 

Hesperia beturia, Tlewitson, Dose. Hosp. 1868, p. 36. 

Halpe beturia, Moore, Proc. Zool. Soc. Lond. 1878, p. 690. 

Males and one female. A pair from Calcutta in the Museum. 
The number of spots in the forewing varies from G to 8. 

85. Hesperta ctjaya. 

B. ebay a, Mooro, Prop. Zool. Soc. Lond. 1865, p. 791- 

Male. 

86. Teeegontts thyrsts. 

Telegonus thyrsts (Fabr.), Butlor, Fabr. Lop. p. 262. 

Hesperia pandia, Mooro, Proc. Zool. Soc. Lond. 1865, p. 790. • 

Three males. 


' 87. Pamphila mvesoides. 

P. maesoides , Butlor, Trans. Linn. Soc. Lond., sor. 2, Zoology, vol. i, p. 554. 
Many specimens. 

88. PamphttjA oola. 

P. yola, Mooro, Proc. Zool. Soc Lond. 1877, p. 694, pi. lviii, fig. 9, S . 
Numerous specimens (A. de. R. and Moti Ram). 


During the preparation of the foregoing list, we received from Bassein, 
on the mainland, two females of a species of Hestia of the same type as, m U. 
cadclli , in which the modifications of form and markings begun in H., 
aqamarschana and continued in H. cadelli are carried to an extreme. 
These insects were obtained by Mr. Algernon Haden, who has generously 
presented one of them to the Museum, and after whom we have,consequently, 
all the more pleasure in naming the species 




bite 


Hestia hadeni, n. sp., PI.. XIII, Fig. 2, 9. 

5. Closely allied to H. cadelli. Wings above pure flei! 
marked and veined with black of a fuscous tint; with the marginal, sub¬ 
marginal, and all but the two posterior (which are subcoalescent with the 
marginal band) of the discal series of spots in the anterior wings^’blfti .with 
the marginal and submarginal series only in the posterior wingB, com- 


s 
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pletely run together so that only the inner portions of the outlines of the 
innermost series of the coalesced spots are in either case still discernible, 
and so as to form a very broad outer border of black to each of the wings. 

Anterior wings broader and shorter, being less than twice as long as 
broad, the extreme length of the cfcll bearing the same relation to the sub- 
median vein and to the less deeply cmavginate outer margin ; with the 
spot at the base of the second cell smaller and free of the veins, as also is 
the discoidal cellular spot at its posterior extremity ; the curved club-shaped 
mark in the 3rd inner marginal cell much as in II. agamarschana, but not 
connected by a black streak with the snbeoaleseent marginal spot beyond 
it; the outer black border with a clouded white spot in the second cell 
more or less distinctly separating the second discal black spot off From the 
band ; and the black second inner marginal, or sutural, cell longitudinally 
streaked with clouded white. 

Posterior wings broader, with their undulated outer margin still more 
broadly rounded ; the spot in the discoidal cell smaller and the spots around 
it also rather smaller and free of the black outer border thovigh exhibiting 
a tendency to coalesce with it in front of the second median veinlet. 

Wings below of a .less pure white than above, marked and veined 
with fuscous. 

Thorax more conspicuously marked with greyish-white than in IT. 
cade/li, in which these marks are almost effaced, but this character, as also 
the difference in the proportions, and the less obvious emargination of the 
(Outer margin, of the wings, may be sexual. 

Length of anterior wing 2 - 54; extreme length of its discoulal cell 
1-35 ; expanse 5‘18 inches. 

Hah. Ihissein, I3urmah. Two specimens agreeing in every respect 
with one another. 


• Explanation of Platk XIII. 

•Fig. 1. Hestia eadelli, W.-M. & do N., <?. 

Fig. 2. Hestia hadeni , W.-M. & de N., ? . 



214 


W. T. Blanford —Description of a new Arvicola. 


[No. 4, 


XXII. —Description of an Arvicola from the Punjab Himalayas. 

By W. T. Blanfobd, F. It. S. 

ARVICOLA WYNNE!, Sp. nOV. 

A. supcrne rufesccnti-fuscus, aliq nando griseo - la vatus, subtus pailidior, 
caudd pcdibusque cum dorso concoloribus, caudd fere \ corporis cum capite 
aquant e; auriculis brevibus, vellerc confect is, pilis longiusculis ext us muni- 
tis ; unguibus longis, albidis comprcssis, pilis baud obtectis ; pollice brevi, 
unguifero ; dente molario inferiors aniico angulis 4 extcrnis, 5 internist 
spatiis in corona 7 munifo, secondo tertioque singulis angulis utrinque tri¬ 
bus, totidem spatiis ; dente superiors primo spatiis 5, angulis utrinque 
iribus, secundo spat US 4, angulis tribus extcrnis, duobus internis, tertio 
deniqne angulis tribus, quorum ultimas rotundatus, extcrnis, duobus internis, 
in lobum clongato-ovatum postice productum desinente notando. Long, 
corporis cum capite 012 met., cauda 0 032, auris 0 07, pedis posterioris a 
calcuneo 0 18, crunii 0‘028. 

Hah. Ad Mari (Murreo) in montibus Himalayanis occidcntalibus, ad 
latus occidentale iluminis Jhclum. 

General colour above dark rich brown with a slight greyish tint, head 
rufescont, lower parts pale brown, tail the same colour as the back, feet 
covered with brown hair above, soles pale. Fur very soft, dark leaden grey 
at the base and for about -J the length, tips dark rufous brown on the back, 
dirty White below. Ears short and rounded, concealed beneath the fur, 
thinly clad with long hair outside and with short brown hair inside near the 
border ; a tuft of long hair on the anterior edge of the. inner surface. Tail 
between *- and ■} the length of the head and body, cylindrical, clothed with 
long hair at the base and with short brown hairs throughput the terminal 
three quarters of it length. Claws long, compressed, white, not concealed 
by long hairs, thumb small with a short compressed claw. The under side 
of the tarsus is hairy. ' T 

The following are the dimensions, in inches, of-two specimens, both,, 
adult males, in spirit:— ' *‘V * 

4,1 X ' 2 

Length of bead and body from nose to anus,..... 4'75 3^5 

Ditto tail from anus (hairs at end db^^feluded), ... 1-351 1;2‘ 

Height of ear from orilice, . ...\ ;-.p: . 

Breadth of ditto, . 

Length of fore-foot without claws,... 0-4 ‘ 

Ditto of hind-foot and tarsus without claws,. 0 7 * * or 

Ditto of claw of middle toe,.... O’11 0*13 
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The incisors aro deep orange. The following arc the characters of the 
molars:— 


Upper molar I; 5 spaces or prisms 3 external and 3 internal angles 
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Described from two specimens in spirit and two shins sent by Mr. A. 
13. Wynne, of the Geological Survey. I have called the species after the 
discoverer, by whom I am informed that the native name is ‘ Kanis .’ 

I hope to give a fuller description of this and the other Himalayan 
forms shortly. • 


XXIII.— Sonte^new Species of Bhopalocerous Lopidoptera from the Indian 
Beg ion — By Captain G. F. L. Marshall, li E., and Lionel db 
NrUE'viLLJS. 

(.Received December 27th, 1880.) 

1. Euplcea (Salpinx) ajjamsone, Marshall.. 

Z . Allied to B. superha , Herbst, hut differing on the ucperside of the 
forewing in that the brilliant blue gloss is confined to the basal two-thirds 
not reaching to the costa or the inner margin, and that the spots arc deduced 
to four in number all very small, one subcostal above the end of the cell, aDd 
one in the cell at the end both lilac, and two near anal angle, one marginal 
and the other submarginal, white. Sind wing as in B. superha. 

Hab. Moulmiein; taken in the autumn by Captain C. H. E. Adam. 

so 4. 

4 * 

.*■ 2. Zopiioessa jalaumda, de N. 

. & • Nearest to J3. atkinsonia, Hewitson j from which it differs on the 
%pperbide jn being deep brown instead of tawny and in having the macular 
bands and bar yi the cell of the for owing ochreous. On the unherside the 
ground colour is also deep brown, and the hindwing is crossed by several 
silvery white streaks on the ba^al half. 

H4*fey ^slauri pass, N. -W. Himalayas. 

v 3. Lethe maitkya, de N. 

Lethe sidonis , Ilewitson, from which it differs on the upper, 
side;' in having an obscure ochreous band across the forewing beyond the 
32 • • 


'Z a Allied to 
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cell, and on the underside in the band in the cell, as also the band 
beyond the cell, of the forewing being very prominent, both of which bands 
are ochreous instead of silvery white. 

Hab. Jalauri pass, N. W. Himalayas. 

4. Lethe siderea, Marshall. 

9 . Allied to L. sidonis, but differs in being smaller, in the uniform 
spotless upper surface, and the uniform paler brown ground-colour of the 
underside. J brewing entirely wanting the discal bands and the whitish 
spots on the costal margin; the only markings being three minute sub¬ 
marginal white spots beyond the cell (the middle one faintly circled with 
black), a single yellowish marginal line edged on both sides with dark 
brown, and within this a distinct silvery lilac submargiual line extending 
from the apex to the second median nervule. H'inducing with all the 
silvery streaks brighter and more distinctly lilac; the ocelli all blacker and 
loss prominently pupilled with white; the second and third ocelli from the 
apex out of line, much nearer the margin, the silvery band within 
following this curve and deeply sinuated beyond the cell. 

Hab. Sikkim. * 

5. Lethe sattavati, de N. 

$ . Similar in outline to L. latiaris ? and differing from it on the 
upperside only in the absence of tho transverse oblique ochreous line 
and tho subcostal spot near apex of forewing. Underside pale brown 
with nl> ochreous tint, and washed with lilac, especially on the outer half :’ 
both wings crossed by a prominent brown nearly straight subbasal line 
outwardly margined with lilac. Forewing with an irregular discal transverse 
brown line ; a bar in the cell within tho subbasal line; five indistinct 
submarginal ocelli circled with lilac and brown on a lilac ground; and a 
yellowish marginal line edged on both sides with diigky, within which a 
a brown band on the lilac ground between tho ocelli and the tt^rgin. 
Hindwing with a discal very much angled dark browtx lino, within which 
is a very distinct lilac litura above the third median nervule; the v sub- 
marginal ocelli large, the upper one distinctly pupilled. > with Avkijte and all 
of them profusely speckled with white ; the usual marginal-markings. 

Hab. Sibsagar, Assam (/$. E. Peal). ’■ •* 

: ' -v’.O ■, t-J - 

6 . Neope bhima, £ffu;shall. f#rr ■ 

$. Allied to N. moorei, Butler. Upj£er&£de : hindwing^ witl^only six 
oval black submargiual spots circled with yellow, the> first minute, tho rest 
large, prominent; two swarthy submargiual linos and the margin itself swar¬ 
thy. Underside : the basal area of both wings pale olivaceous brown, irro- 
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rated and irregularly streaked and spotted with dark brown, with a few ochre- 
ous spots and streaks. A nearly straight band of pale ochreous across both 
wings beyond the middle bordered interiorly with dark brown most broadly 
on the forewing. Forewing with a row of five oval black spots pupilled 
with white and banded with yellow, the third and fourth much larger, 
placed on a broad discal brown band ; a pale ochreous submarginal band 
beyond uniting at the anal angle with the pale ochreous median band, the 
margin and two submarginal lines swarthy on a yellow-brown ground. 
Hindwing with a sinuous band of eight perfect ocelli, the seventh and 
eighth with yellow i rides coalescing. 

Hab. Burmah; taken in April in the upper Thoungyeen forests, 
Tenasserim, by Captain C. T. Bingham. 

7. Erebta siiallada, Lang. 

3 . 9. Allied to F. Tcalinda but rather larger, and the male broader- 
winged than in the species mentioned; darker and less brightly coloured. 
Upperside with a small, diffused, dark ferruginous patch within the 
middle of exterior margin oil both loings, smaller than in E. kalinda on 
the lorewing, and larger bn the hindwing. f 

Hab. Kunawar. This species was discriminated by Col. A. M. 
Lang, R. E, some years ago, but no description has ^hitherto been 
published. ’ 


8 . Erebia mant, de N. m 

3 . ?. Allied to E. kalinda, Moore, from Kulu specimens of which 
species it differs on the upperside in the larger extent and lighter and 
yellower colour of the patch on tho foreioing ; and in the entire absence of the 
ferruginous patch pn the hindwing ; and on tho underside by having the 
yejlowish patch ok fjsxg forewing as on the upperside and abruptly defined. 

. ijrAB. Chung?and Lingti, Ladak. 

r fj.;- 

' D. Mycalesis oculus, Marshall. 

£ \ Allied to M. onatus, Hewitson. Upperside : forewing with the 
lower ocellus considerably larger, and broadly surrounded with ferruginous 
yellow; the yellow almost reaching the inner margin and connected by a band 
of the same colour with the costa: hindwing with four increasing black 
ocelli whito-pupilted and with yellow rings, the yellow rings coalescing. 
Underside with a yellow discal band crossing both wings, prominent in the 
female, obsolete except near the costa in the male. 

i ilAB. r Travancore; taken in May in the Ashamboo hills by Mr. • 

Harold S. Fergusson. 
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10. Libythea eohini, Marshall. 

?. Uppeestde brown with pure white markings. Foreiving with an oval 
spot filling the end of the coll, a largo quadrate spot on the disc between 
the first and second median nervules, two spots coalescing one on each side 
of the upper discoidal nervulc, and a spot near the costa divided into three 
by the subcostal nervules. Hindioing with a large square spot on the 
costa, a straight median hand across the wing below the cell not reaching 
the inner or outer margins and cut by the discoidal and three median 
nervules, and a small spot above between the subcostal nervules. All the 
spots and bands pure whito. 

Hah. Khasi hills; taken near Shillong in May by Mr. J. P. Cock. 

With the exception of Duplex a adamsoni, Lethe siderea , and L. satya- 
vati, all the species above characterised will be figured in the descriptive 
hand-book of the butterflies of the Indian region which we shall shortly 
publish under the title of * The butterflies of India, Burmah, and Ceylon’; 
and iu vvhigh fuller detailed descriptions of all will he found. 


XXIV.— Description of Parantirrhoca Marshalli, the Type of a new Genus 
and MpeciCs of Ilkopaloeeroits Lepidoptera from Mouth India .— 
By J. Wood-Mason, Deputy Superintendent , Indian Museum , 
Oeleutta. 

Family NYMPIIALILME. 

Subfamily Sat vein.®. 

Furantirrhoea,* n. gen. 

S . Anterior wings triangular; anterior margin moderately and re¬ 
gularly arched; apical angle acute; outer margin almost straight*, being 
only just perceptibly convex ; inner angle rounded; inner margin sifidogis, 
being lobed at the base much as in the males of Olerome and uSUhtona, 
genera of Moepuinje; ; subcostal vein 4-branched, the first l>»&defa?given 
off before, and the second beyond, the end of the discoidal .cell, the first, 
second, and third coalescing successively and respectively with the coital 
vein, the first, and the second, and all three in turn .bocoming free and 
running off at a tangent, like the costal vein, to the artevier margin, the 
fourth being perfectly free from its origin and running to tho apical angle; 
posterior discocellular veinlet long, very slightly concave outwards, almost 
straight, intermediate one not quite half the length of the posterior, inte- 
* From irapd, by the sido of, and Antirrhoea , generic name. 
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rior one rudimentary; submedian vein sinuous, short, terminating in the 
wing membrane near the inner margin at about the level of the junction of 
the basal and second fourth of the length of that margin, being, in fact, 
hardly more developed than is the internal vein of the Papilioninjd as 
compared with that of many Heterocerous Lepidoptera; the first median 
veinlet directed straight outwards and backwards, out of its normal course, 
to the inner angle and supplying the placo of tho rudimentary subme¬ 
dian ; on turning to the underside, it is seen that a narrow rounded lobe 
of the functional sutural area about six times as long as it is broad is 
folded back upon the under surface, to which it is firmly adhorent; this 
lobe occupies the middle two-fourths of tho length of tho innor margin, 
and is thickly clothed on its surface and fringed -at its freo edge with 
firmly attached, long, and somewhat raised modified scales rendered conspi¬ 
cuous by their rich dark brown colour and satiny lustre; the outline of this 
turned up lobe is marked out on the npporsidc by a curvilinear groove. 

Posterior wings bailed, subquadrate, with four distinct margins, viz., 
a strongly ancf irregularly arched anterior margin, nearly straight cxtornal 
and posterior margins, and an inner or abdominal margin, marked out by 
the obtuse-angled apex, the tail, and the well-rounded anal angle; with a 
black oval sexual mark, divided by the submedian vein, near tho anal 
angle; costal vein short and straight, terminating before,• and the first 
branch of the subcostal which originates close to the base of its vein ending 
beyond, tho middle of tho length of tho anterior margin, tho second branch 
being given off before tho middle of the discoidal cell and extending into 
the apical angle; ‘ discoidal’ vein in the same straight or slightly curved 
line with tho subcostal; discocellalar veinlet sinuous; the third median 
veinlet produced to a conspicuous tail. 

Antenna) fine and distinctly clubbed. 

Female unknown. 

No-Asiatic genus of Sat yet it a: presents us with any approach to the 
remarkable arrangement of the two hindermost veins of the anterior wings 
described above; but, in the South American genus Antirrhoea , wo meet 
with rdertttioRlly the same arrangement, the first median veinlet in A. archaea 
and its congeners running back to the inner angle and the submedian vein 
'* ending a considerable distance short of that angle, though not nearly so far 
short of it as in the Indian form, for which I propose the above name in 
allusion to these..-eetnarkable points of resemblance, reserving all further 
comparisons and comment until-1 shall be in possession of specimens of 
the South American forms. 
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JP. marshalls, n. sp. 

3. Wings above dark fuscous suffused with rich deep violet. 

Anterior wings with an outwardly and forwardly arched subcreseentic 
pale violet or mauve band commencing beyond the middlo of the wings 
at the costal vein, terminating at the inner angle, and crossed obliquely by 
a series of three small white spots disposed in a straight line parallel to the 
outer margin and placed upon folds of as many consecutive cells, the last 
being between the two anterior median vcinlcts. 

Posterior wings relatively longer-tailed than in iW^anitis ismene 
(Cramer) with the membranous parts of the divergent taib^almost wholly 
formed by the produced wing-membrane of the interspace between the 
second and third median veinlets, a very narrow anterior membranous • 
edging only being contributed by the interspace next in front; and with 
rather more than the basal two-thirds of their length in front of the dis- 
coidal and subcostal veins oehreous. 

Wings below oehreous obscurely striated with a deeper shade of tiie 
same colour, and marked with a submarginal scries of inconspicuous brown 
specks, tho probable rudiments of ocelli. 

Length of anterior wing 1*16; whence expanse = 2'4 inches. 

The female will, in all probability, prove to differ from the male not 
only in the absence of the sexual spot in the posterior wings, but also in 
having the inner margin of the anterior wings straight and neither lobod 
at the base nor turned up in the middle, and the first median veinlct and 
the submedian vein of the same wings normally arranged and developed' 
and directed respectively to the outer margin and to the inner angle after 
the manner usual amongst butterflies. 

Hab. Trevandrum, Travancoro, South India. Described from four 
specimens of tho male, one, the type, recently purchased by the Indian 
[Museum, and three belonging to Captain G. P. L. Marshall, R, E.^tp 
whom I am indebted not only for the opportunity of describing th«i'J$jjer- 
esting insect, but also for permission to dissect one of the specimens, jh his 
collection. 

■ a ; 1 ~ 

P. S —The species of the genus Elymnias alone fMMfent the same 
disposition of the three anterior veins of the posterior wings. 
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JUNGLE LIFE IN INDIA, 

OR THE 

Journeys and Journals of an Indian Geologist. 

By V. BALL, 

M.A. } F.G.S., Fellow of the Calcutta Univ ,ant t 

Geological Survey of India. 

With Map, and Illustrations on Wood. 


“This work, while full of matter which may jC a * * ' , *ion of 

readers generally, will perhaps have an especial value’To?" a '*■ ac¬ 

quainted with the better known parts of India, and with them on ouch 
persons will be interested in comparing their experience with that of the 
author, and in supplementing their own knowledge with the account of what 
passes behind a veil which they have never penetrated. 

“ We can only allude to the many telling pictures of Nature in her more 
unfamiliar aspects; curious facts and discussions on vexed points in natural 
history; notes on the economical products of the country; traits of native? 
character and manners, with other interesting matter, which, though scattered 
broadcast through the volume, is traceable by means of the index. * * * * 
it will, we are convinced, long hold its place as a valuable work of reference 
on the regions of which it treats.”— Athenaum . 

“The importance of the labours of the Geological Survey in India can 
scarcely be over-estimated, preparing the way as they do for the more speedy 
dvilisation, as well as'vqvealing to us the real riches, of a great country. What 
these labours are may in a measure be gathered from the now published record 
of Mr. V. Ball’s life lor the last fifteen years, amid the jungles of India, as one 
of the, Gbjlogical Staff. * * * * it shows how professional duties of no 
-u&gan order and often sufficiently arduous were attended to, and how still time 
was found to note, in addition, the habits of the tribes that were lived among, 
and to gather up the plants and animals that were met with. * * * * 
Mr. Ball appears to have laboured both in and out of season, and as the result 
we have a work which forms an important contribution to the history of the 
fairest possession of the British Crown.”— Times. 

“ This work is the day-to-day record of the experiences of a scientific man in 
parts of India which are little known even in these times of general travel and 
research. * * * * He puts down plainly what he sees, has no theory to 



serve, and here and there he incidentally gives an account of the people and 
their ways of life which is more to the purpose than a whole deskful of reports 
written in the usual official style.”— Pall Mall Gazette. 

‘“Jungle Life in India,’ by V. Ball, presents us with pictures of life and 
scenery in places that do not altogether lie on the beaten track of travel. The 
author is a geologist, and, as might be expected, he describes the geological 
structure of the various parts of India he visited. * * * * Though he is 
not exactly a sportsman, yet his stories of sporting experience are pleasantly 
told; his descriptive passages, indeed, are as a rule remarkably fresh and pic¬ 
turesque.”— Daily Telegraph. 

“On taking up this work we thought that seven Hundred pages of jungle 
life and geology might be too much of one subject. .On laying it down after a 
careful perusal, we may fairly say that we could hardly wish anything omitted. 
This is a record cf work of a peculiar and scientific kind, carried out in 
the teeth of great obstacles, manifold privations, and trials of climate. 
And the story is told in a simple, straightforward, and unaffected 
style. * * * * But whether we judge the book by the varied scenery 
traversed, or by the odd sights witnessed, or by the description of the native 
as he appeared in his undress without varnish or veneer, or by the general 
style of the narrative nan recommend this volume as picturesque, new, and 
original, and car y that, if the life of a pioneer in the jungles is ever to 

be brought home to the untravelled Englishman, it can only be by such 
journals, which are worth a bookshelf of flimsy sketches and of flying tours.” 
—Saturday Review. 

r 

“A small library is contained between the covers of ‘Jungle Life in India,’ 
a stout and imposing, not to say formidable, volume closely packed with 
various information, embellished with numerous illustrations, provided with 
'several appendices, furnished with the useful addition of a map, and invested 
with an air of complete finish by means of a ‘general index.’ * + * + 
May be consulted with a certainty of entertainment and with fair probability 
of enlightenment by nearly every class of readers.”— Illustrated London News. 

“This is a difficult book to review, or at least it is scarcely possible in short 
space to convey any adequate idea of its contents. * * * * He is a good 
observer, and he has much to tell us that is interesting ig the plant and animal 
life of the jungle, the antiquities and architectural monuments met with, the 
character, condition, and habits of the various types of natives, and not a few 
good hunting stories. * * * * The volume contains a number of excellent 
illustrations and a map, and altogether it is a valuable contribution <Jo a know¬ 
ledge of various aspects of our great Asiatic dependency.”— 1 ^Glasgow Herald. 

“Even those who have resided in India will find a good deal of interesting 
matter in this voluminous work. The position of Mr. Ball in*bonnection with 
the geological survey of that country took him to many remote' districts, where 
he made acquaintance with strange people, and even stranger customs. But it 
is his scientific knowledge which removes the author out of the usual category 
of Indian travellers. * * * * We cordially recommend this important 
and ably-written work to all interested in the land of Ind.”— Globe. 



“ Of the many volumes published about the British possessions in Asia not 
one of them appears to us to go over the same ground as Mr. Ball’s ‘Jungle 
Life in India.’ * * * * One great charm of this journal lies in its many 
touches of nature. One feels as one reads it that for a moment they are with 
the journalist as he travels through some jungle, wanders along the bed of 
some mountain torrent, or explores some new coal-field big with promise. As 
a personal narrative it is full of life, and what it may want in precision is more 
than made up by the vivid pictures it presents.”— Nature. 

“Most Anglo-Indians find time to write more or less bulky official reports, 
which a paternal Government prints with the most zealous regularity; but 
few have the-opportunity-.of travelling over so extended an area as Mr. Ball, 
and fewer still find tim£, after the day’s work, to keep so lively a record of 
their travels as he has done. * * * * In spite of the scientific character 
of Mr. Ball’s previous writings, the general reader may be assured that he 
will find ‘Jungle Life-in India’ a most readable and amusing work, while 
the Anglo-Indian statistician will discover new facts and Observations of im¬ 
portance regarding some of the least known districts of Hindustan. The 
‘ get-up’ of the book is handsome and the printing excellent.”— Academy. 

“This work is exceedingly creditable to Mr. Ball’s industry and energy. In 
an enervating climate like that of India, and with the hard work which falls to 
the lot of a conscientious member of the geological staff, he might well be 
excised if he attended solely to his professional business, and devoted his 
leisure to rest and idleness. But Mr. Ball is too enthusiastic an observer and 
student of science to find pleasure in mere idleness; and the result is a collec¬ 
tion of notes of real value on many points quite outside his own irnmediate 
sphere of work. lie has many things to tell us that are well worth Tvnowing, 
and his volume must be regarded as a valuable addition to a knowledge of 
India—country and people. * * * • * He is a wide and excellent observer, 
and the result of his observations, as recorded in these pages, will well reward^ 
a persevering and attentive reader.”— Statesman. 

“Mr. Ball has given us a huge, handsome volume in his ‘Jungle Life in 
India.’ * * * * Mr. Ball writes in admirable style and temper, always 
clear, vivid, simple, with wide-minded sympathies for all nations and human 
nature.”— Whitehall Review. 

• 

“Mr. Ball’s noble volume of seven hundred closely-printed pages, illustrated, 
is all and much more than its first title indicates. * * * * Mr. Ball has a 
scientific mind, and he does not fail to record everything likely to contribute 
to the store of the man of science. He is also a keen observer of men, and 
rarely a week passes in which he has not some specially interesting experience 
of native life to chronicle. * * * * The book is handsomely published, 
and will make an attractive reading library volume.”— Homeward Mail. 

* •/ 

“The title of the volume gives a,good indication of the nature of its con¬ 
tents. * * * v * The business of the Geological Surveyor leads him by 
devious tracks into out-of-the-way regions often unvisited by ordinary travellers. 
He is necessarily a practical observer, and if he be also a man of wide sym¬ 
pathies with nature, he has exceptional opportunities of collecting information 
on very various subjects. If, then, he has the grace to reserve his severely 
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scientific geological descriptions and discussions for their proper place else¬ 
where, and if, moreover, he has the power of writing what shall be easy 
reading, we may expect his journals to be fraught with great and varied inte¬ 
rest. All these conditions are fulfilled in the present instance. The geologist, 
zoologist, botanist, ethnologist, antiquarian, philologist, student of human 
nature, and sportsman, will all find pabulum for their several appetites, the 
information being given at the same time in such a way as to render it suitable 
and acceptable to the intelligent and general reader.”— Dublin Daily Express. 

“ Life in India has been presented to the British public under many aspects, 
but, so far as our recollection reaches, never under that which has been so 
minutely and faithfully depicted by Mr. Ball. He purposely avoids political 
discussions, and seldom alludes to administrative details except when he is 
driven to complain of the insolence and incapacity of the native police. As an 
outsider, only partially recognised by official dignitaries, he was peculiarly well 
qualified to describe the natives in their normal, work?a-day habits, as they 
associate with ont another when there is no Sahib present tq report upon i 
them. Mr. Ball was a member of the Geological Survey, and jt keen^pheferyer 
of the working of nature, whether animate or inanimate. * * * *' 'Tt is, 
however, of the less importance that Mr. Ball’s portly volume is certain to find 
its way into every Anglo-Indian library and book club in the country.”-— 
Madras Mail. . ■ ' • * 


“ So far as our memory goes, no work of an equally exhaustive character on 
the geology of Ilindostan has ever previously issued from the English pfess. 
Mr. Ball also shows not a little acquaintanceship with botany and natural 
history, while his style is so lucid and happy that the reader must be heavy 
brained indeed who feels weary before coming to the end of the volume, 
bulky as it is. The descriptions of the various groups of islands around the 
Indian littoral will introduce even the most travelled Anglo-Indians to places 
and peoples as new as they.are interesting.”— Civil and Military Gazette 
'■(Lahore). * ! 


“ This work contains much more solid information than the niajority of books 
of travel or adventure; and it is a pleasure to find a boofc'wi’ftten‘in so 
simple and ungamished a style by one who has had the. education to know 
how and what to observe.”— Field. 

“ It is impossible in a notice like the present to c 
amount of information on geological, geographical, 
and botanical subjects contained in this large volume, 
thoroughly scientific and earnest work, to the nature of the 
the popular title affords no index.”— Geographical Society's'Monthly 



“ Mr. Ball seems to have the art of seeing things in 
lasting and human interest. * * * * He has pi 
and interesting work, and we heartily commend i 
Englishman (Calcutta). 

“ Mr. Ball's story of his life in the Jungles of India 
interest by every naturalist.”— Ibis. 


igfi havfe a 
uable 
readers.”— 
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VIII .—On the past and present Water supplies of Calcutta.—By 
Alexastdee Pediee, F. I. C., F. 0. S., London and Berlin. 

At the present day it is I believe universally acknowledged, that every 
town should be provided with.a puru and sufficient supply of water for 
drinking, domestic and sanitary purposes. If the quantity bo not sufficient 
or if the quality be not good, it may be safely assorted that injury, 
morg g^Jtt^irofound, to the general health of its inhabitants will bo the 
consequence. The very great importance which is attached to the quality 
and quantity of", the water supply of towns, is clear from the prominence 
which this shl^ecl has attained throughout the civilized world during the 
ji^fn the present paper, it will bo my purpose to contrast 
* of the water employed in Calcutta in former years (before 
of the present hydrant water) with the supply as it has 
bedtt fiince the introduction of the Hooghly water, which is collected and 
• filtered at Pulta fr, jwd then distributed by the hydrants, etc. It will be 
my enM|jflM^|H^r that the old supply was deiicient in quantity, and 
filthy in qualify, whilst the present supply, though perhaps 

not in quantity %a,it ought to be, is in quality very good and 

wholes^ftyyK 

BefowPMbe'ding to the discussion of the question of the two supplies, 
it will perhaps be well to consider what is the general history of natural 
waters, as this will enable us to understand some of the actual results which 
have been found by analysis. 




The primary form of natural water is rain, and although at first sight 
it might appear that rain water should be very pure, yet it has been clearly 
shown * that it is very seldom that such is the case, and that rain 
water almost always contains, as impurities, small quantities of organic 
matter, ammonia, and ammonium salts, derived from the atmosphere. 
In large towns especially, the rain water is so impure, that it cannot be con¬ 
sidered a safe water supply for drinking and other domestic purposes. On 
reaching the ground the water becomes charged to a greater or less extent 
with the various soluble constituents of the soil, and ■’frith any other 
matters which may have accumulated in it. If it falls on land either 
cultivated or uncultivated, it rapidly drains off, and finds its way into 
streams and rivers, which in the earlier parts of their course certainly, will 
be tolerably free from organic impurity, except that derived from any 
manure, etc. which may have been on the land. Unless the river water 
is subsequently rendered impure by the admission of sewage from towns, 
villages, etc., or by the admission of manufacturing refuse, it will form, 
generally speaking, a comparatively pure and wholesome supply of Valor. 
In some eases, however, such water is used by the inhabitants of towns on its 
banks, and is after use returned to the river in the form of sewage, which 
will bo charged with impurity derived from animal excreta, house hold and 
manufacturing cofuse, soap, and other filth. Water contaminated in such 
a way is clearly unfit for domestic use. After returning to the stream it will 
perhaps in its course towards the sea become partially purified by slow oxida¬ 
tion of r the organic matter and by the absorbent action of vegetation, but, 
as will bo subsequently shown this process of purification is an extremely 
slow one. 


In the case of rain water falling in towns such as Calcutta, it will, as 
pointed out previously, be impure from tho presence Q^'prganie matter, 
ammonia, etc.; of this impure water a considerable propor^a^Jbsj^it as before 
shewn will find its way into tho river or into smaller strgaitw comirfimicatihg 
with it, but another portion will be collected in the tanks, which are dug for 
this purpose, and a third portion after percolating through the soil wjll fintt. 
its way into numerous shallow wells. These tanks and shallow Veils*may 
therefore be considered as being merely pits for the accumulation*of cTraifcage 
from the immediately surrounding soil. In the case of Calcutta the. town 
is densely populated, and as the manners and customs of tho native inhabi¬ 
tants are in many respects very primitives,* the soil mast; fmovibably 
charged with excretal and other refuse) so that the water frfl&n reaches 
the tank or well, will be largely contaminated with the impurities deri¬ 
ved from these sources. In the absence of any system of drainage, as was 
the case in Calcutta some years ago, such tank or well water could o'nly 

* Angus Smith on Air and Bain. . 
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after use be thrown on the surface of the ground, or into the nearest ditch, 
from which it would either run or percolate into the tank or well a 
second time, and would naturally be in a still more impure condition. Such 
■would appear to be the natural conclusions as to supplies of water derived 
from rivers, and from tanks and shallow wells in towns, and it will be sub¬ 
sequently seen that the quality of the llooghly river water, and of the 
water of the tanks and wells within Calcutta, as deduced from numerous 
analyses fully bears out the above suggestions. 

In speaking of the former supply of water to Calcutta, I have assumed 
that it was confined to the various tanks and wells distributed throughout 
the town; for though there is no doubt that the river water was used consi¬ 
derably by the inhabitants who lived m ar the banks of the river, yet the 
greater number of the inhabitants living as they did at a distance from tho 
river, must have depended for their supply of household water on the tanks 
and wells nearest to them. The modern water supply of Calcutta which we 
have to consider is of course the l looghly water collected at I’ultah and, 
after'filtration, etc., distributed through the ordinary mains. 

For the purposes of this paper I have not thought it necessary to analyze 
all Jthe tank and well waters in the town, which amount to.many hundreds, 
but as I havelcxamined 200 samples, some from the crowded districts of tho 
northern part of the town, and some from the* open maidan, I,think a fair con¬ 
clusion can 1)0 derived from them. T have also to mention, that a very large 
number ^f tlie well and tank waters which I have analyzed, have been 
noticeable for their had quality, and for having apparently given rise to 
disease of one kind or another to the persons who were living in the neigh¬ 
bourhood. Therefore the numbers usually obtained represent tho bad 
rather than tho good waters of the old supply. I should however wish 
to point out, thafc v there is every probability, that the water in the tanks and 
wells now, a “much better quality then formerly it was, for by the present 
system of drainage and conservancy, a vast amount of excreta and iilth of 
all'kinds is removed from the town, which informer days must have remain¬ 
ed to choke up tip? soil, and to render the tank and well water very much 
~h\or# r i(n]iiire than at present. 

.fSvffl, attempt first to show, that, when the inhabitants of this town 
depended for their water supply on the tanks and wells, the quantity was 
decidedly insufiicient during least one half of the year. 

.jWithigg^rd to the necessity of a sufficient supply of water being given 
to a, towjjyop.domestic and sanitary purposes, a well known author on Hy¬ 
giene, writes—* 

“ It was -there shown that want of water leads to impurities of all 
kinds j tho person and clothes are not washed, or are washed repeatedly in 

* Parkos’ Hygiene, .5th edition, p. 37. 
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tho same water; cooking water is used scantily, or more than once ; habi¬ 
tations become dirty, streets are not cleaned, sowers become clogged ; and 
in these various ways a want of water produces uncleanliness of the very 
air itself. 

“ The result of such a state of things is a general lowered state of health 
among tho population ; it has been thought also that some skin diseases— 
scabies, and the epiphytic affections especially—and ophthalmia in somo 
cases, are thus propagated. It has also appeared to me that the remark¬ 
able cessation of spotted typhus among the civilized and cleanly nations, is 
in part owing, not merely to better ventilation, but to more frequent and 
thorough washing of clothes. 

“ Tho deficiency of water leading to insufficient cleansing of sewers has 
a great effect on the spread of typhoid fever and of choleraic diarrhoea; and 
cases have been known in which outbreaks of the latter disease -have been 
arrested by a heavy fall of rain.” 

In judging of the quantity of water necessary to be supplied toa.town, 
notice must be taken of the purposes for which the water is used. These 
we may roughly summarise by saying that water is requited for drinkiug, 
cooking and the'washing of persons, clothes, utensils and houses, for “the 
Hushing and cleansing of sewers and drains and for the watering of streets, 
for the drinking and washing of animals, the cleansing of carriages and 
stables, for trade purposes, etc. 

From European statistics given by the, authority just quotedj it would 
appear to be generally admitted, that a fair allowance of water for the pur¬ 
poses above enumerated is 25 gallons per head of population per day. Thus 
taking some of the largest towns in England and including Paris, each in¬ 
habitant receives 27 £ gallons per day ; the average daily supply of 14 English 
towns of second rate magnitude was 21 gallons per head, and that of 72 
English and Scotch towns was found to be 20*7 gallons per inhabitant. 

Let us now sec the amount of water available in Calcutta during cer¬ 
tain portions of the year when the old supply was depended Upon. Tb® 
tanks and wells in any town can of courso only receive fclwir supply of wate£' 
from rain, and the rainfall of Calcutta is so unequally*' distrib%qgj£-that 
almost three quarters of the whole fall takes place within 4 monthgffidihn 
year, whilst within G months, ten-elevenths of the rain falls. Thus the 
annual rainfall of Calcutta from 49 years’ observation, has been found to be 
65*85 inches, and during the months from November to April- inclusive, 
only 6 03 inches fall on tho average. •: ^ 

If we exclude from our calculation the months of heaviest rainfall, 
when the water would almost entirely run off into tho river and be 
lost, and assuming for a moment that during these six months from Novem¬ 
ber to April, the whole of tho water which fell could be collected and 
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stored for use; then knowing that, according to the last Calcutta Census, the 
donsity of the population was 109 persons per acre, it is easy to calculate 
that each person could receive but G - 8 gallons of fresh water daily. In all 
probability, however, not one-fifth of the rainfall finds its way into these 
tanks and wells, and this would leave the inhabitants less than 1£ gallons 
of fresh water per day during the hot season of the year. In the Coomar- 
tolle Section of the town where the density of the population is 214 per 
acre, this supply must bo reduced to one hall* or to about three quarters of a 
gallon of fresh water per day. 

If even we were to assume, that it was possible to store up the water 
which fell during tho rains, for use during the dry season of the year, 
and granting as before that one fifth found it| way into the tanks and 
wells, even then each inhabitant of the town could not have had more 
than G or 7 gallons of fresh water daily, and an inhabitant of some parts 
of tlio northern division, could not have had more than 51 or 4 gallons. 

conclusion seems to me to be inevitable, that at the time when 
Calcutta depended for its water supply on its tanks and wells, tho 
inhabitants must have,used the same water over and over again though of 
CttuVso without knowing it. not only for such purposes as bathing, washing 
clothes, etcJJtbut probably also for cooking and even for drinking, and it 
would also t appear that there could have been absolutely no water for 
necessary sanitary measures. 

That Calcutta, under thcsc # circumstances, should have had a high rate 
of mortality is scarcely surprising. # 

* I will now endeavour to show that the quality of the old water supply 
was even less satisfactory than its quantity, and that in a Large number of 
instances of tank and well water, if not in the majority of cases, tho water 
was, and still is, simply sewage, sometimes concentrated, sometimes dilute. 

That impuro water may be the sourco of disease is, l believe, now 
admitted.on all hands, and if confirmation were required, abundant evidence 
to this effect is given in the various reports of the Itivers Pollution Com¬ 
missioners in England. The researches too of Chauvoau, Burdon, Sanderson, 
others scarcely leave room for doubt that the specific poisons of 
*thfe ^gg^calted zymotic diseases consist of organized and living matter ; and 
it is now certain that water is the medium through which some at least of 
these diseases aro propagated. There does not appear indeed to bo any 
doubts whatever that such diseases as cholera, typhoid fever, dysentery and 
diarrhoea may be produced by drinking impure or infected water. An excel¬ 
lent and most conclusive instance of the propagation of typhoid fever by 
water from one infected case near Basel in Switzerland is admirably de¬ 
scribed by Dr. Hiigler, and is given in the sixth report of the Commissioners 
above referred to.. 
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It is then evident that, in the analysis of water, the point to be aimed 
at would be, the detection of the presence of those impurities whether they 
be of the nature of germs or not, which would give rise to the diseases just 
mentioned, but unfortunately in the present state of science, we are quite 
unable even to say with any certainty whether such germs of disease will ever 
be isolated, and it is therefore clearly out of the power of the chemist to 
detect their presence in any sample of water. Failing therefore in this 
endeavour, the chemical analyst has to rest content with the detection and 
estimation of other substances, such as organic nitrogenous matter etc., 
which cannot be present in water, unless it has previously been in contact 
with the various forms of impurity, which wc denominate sewage; and if 
such bodies are present in quantity, it is fair to infer that these germs or 
other bodies which produce the zymotic diseases, and which are undoubted¬ 
ly present very frequently in sewage, may also be present in the sample of 
water. It has also been clearly shown, that in many instances water which 
is impregnated with animal or vegetable organic matter, even assuming 
any speciiie poison to be absent, will give rise to various unpleasant 
symptoms, such as diarrhma, etc. It is therefore quite permissible and 
necessary to condemn any sample of water which is to be used as a potable 
or domestic supply, if it contains any quantity of organic matter, more 
especially if tlio organic matter be of animal origin. 

The methods of water analysis have been improved very greatly during 
the past fifteen years, but even now there is a very warm discussion being 
carried on as to the respective merits of at least three distinct processes, and 
opinions differ materially as to which method gives most accurate and relia¬ 
ble results. The two methods for the determination of the amount of organic 
matter present in Avater, Avbich have met with the greatest amount of 
support, are those of Professors Wanklyn and Frankland. 

The method proposed by Prof. Wanklyn, which consists in the conver¬ 
sion of the nitrogenous organic matter into ammonia by boiling with an 
alkaline solution of potassium permanganate, has the immense advantage 
of being quickly performed with tolerably simple apparatus, and a avIioIq 
water analysis by this method does not occupy more than a fejyjiours. 
Against this method'there is the well recognized fact, that it sometimes fails 
to detect and estimate the whole of tho nitrogenous organic matter present 
in the water. It is therefore possible that a water may escapo the con¬ 
demnation Avhieh it deserves, but I believe it is generally accepted that 
a water Avhieh is condemned by this process must be really of very bad qua¬ 
lity- 

The method of analysis which was introduced by Dr. Frankland is 
an extremely elaborate one, and requires tho use of very delicate and expen¬ 
sive apparatus. The greatest drawback to this process is however, tho 
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amount of work and time which is required for it, as a satisfactory analyst 
by it cannot be performed in less than 1 or 5 days. On the other hand the 
results obtained by Frankland’s process arc eminently trustworthy, aud the 
character of a water is determined by it with great precision. 

As I have been obliged to perform the work of analysis of the tank and 
well waters of Calcutta during the spare time from my current duties, and 
as some two hundred analyses had to be made by my own hands, it was 
clearly impossible for me to use Frankland’s more accurate process,and I was 
Compelled rather against my own notions of scientific accuracy to work with 
Wanklyn’s process, which as I have pointed out is not so trustworthy astho 
other. In addition to this reason, I found that my predecessor in the oil ice of 
Analyst to the Corporation had been in the habit ,of testing the Calcutta 
hydrant water by Wanklyn’s process. As 1 had to carry on this method of 
analysis on behalf of the Corporation, this therefore formed a very intelli¬ 
gible standard of comparison for my work with the former water supply 
of Calcutta. In addition however to these analyses of lhe hydrant water, 
as will be seen subsequently, I have carried out for the last four years 
monthly analyses of the hydrant water by Frankland’s process, and it is 
Upon these numbers that 1 shall base my conclusion as to the character 
and quality of tlic present water supply. 

In Waqklyn’s process there are two principal determinations. The first is 
the estimation of the free ammonia present in tho water, and of the albumi¬ 
noid ammonia obtained by distillation with alkaline pdtassium permanganate. 
In India, J have frequently combined these two processes, and the ammonia 
from both is called the “ Total Ammonia.” Tho reason why those two pro¬ 
cesses have been combined is, that in almost every case when I have tested 
the potable waters of India for free ammonia, I have found it to be almost 
entirely absent. Tho fact appears to be, that at the very high temperature 
which here obtains, the ammonia oxidizes with such extreme rapidity, that if 
a*iy free ammonia were present at the collection of the water, it would become 
partially or wholly converted into inorganic nitrogenous matters beforo tho 
analysis -could be performed, or, if the whole of the free ammonia were not 
thus .oxidized, the changes which go on from day to day are so great, that 
for any true comparison in respect of this constituent between the sam¬ 
ples of water analyzed, it would bo necessary to analyze them at definite 
intervals after collection. Tho “ total ammonia” then, which is spoken of 
subsequently, is the free ammonia present, if any, added to the ammonia 
produced from the nitrogenous organic matter by the oxidizing action of 
alkaline potassium permanganate. As pointed out before, it frequently hap¬ 
pens that the whole of the nitrogenous organic matter present in the water 
is not decomposed, and therefore the numbers obtained always represent tho 
minimum amount # o£ impurity which can be present in the water. 
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Professor Wanklyn says with regard to this method of analysis, that 
by the aid of the ammonia process, we are now able to divide potable waters 
into three broad classes : 

(1) Waters which are of “ extraordinary organic purity,” i. e., thoso 
which are almost free from any nitrogenous organic matter, and which con¬ 
tain less than 0 05 parts of albuminoid (or total) ammonia per million of 
water. 

(2) “ Safe waters,” which are devoid of any excess of nitrogenous 
organic impurity, and which contain from 0 05 to 0T0 parts per million 
of albuminoid ammonia. 

(3) Waters which are “dirty,” i. e. charged with an abnormal quantity 
of organic matter, and yhich contain more than 010 parts of albuminoid 
ammonia per million of water. 

The second important consideration is the determination of the 
amount of chlorine present in the water. Chlorine occurs in potable water 
in combination with several metals (as chlorides), such as sodium, magnesium, 
calcium and possibly potassium. The amount of chlorides or of chlorine 
present in drinking water is in itself of little importance, for as most people 
are aware, common table salt is> simply sodium chloride, and this substance 
is a necessary ingredient of our food. The water analyst determines tho 
amount of chlorine present in water because the presence of this substance 
in water is in most instances a clear indication of contamination by sowago 
in some form or another. 

i 

It will be understood how this is the case when we consider that rain 
water, which is : the source of all water supplies when collected in the opeR 
country and at inland stations is practically free from chlorine. Drink¬ 
ing water also which is uncontaminated by sewage is comparatively free from 
this substance, but sewage and urine,* are highly charged with chlorides, of 
which common salt is probably in largest quantity. If then a given sample of 
water contains no chlorine or very little, it cannot have been in contact with 
sewage, but if any considerable amount is present in a water, which is 
known not to have come from a tidal river or from any geological for¬ 
mation where deposits of salt are found, such a water would be viewed 
with the gravest suspicion, and if this were supported *by other 
evidence, the water would at once be condemned. Unpolluted river and 
spring waters usually contain less than ten parts of chlorine per million 
of water, average town sewage in England about one hundred and ten 
parts; shallow well water may contain any quantity from a mere trace 
up to 500 parts or even more. Tho amount of chlorides is scarcely 
affected by any degree of filtration through soil; thus tho effluent water 
from land irrigated with sewage contains the same proportion of chlorine 
* Human urine contains about 5000 parts of chlorino per milli on of liquid. 
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as the sewage, unless it has been diluted by subsoil water or concentrated 
by evaporation. 

As an illustration of the quantities of total ammonia and of chlorine 
as chlorides found in samples of good or fairly good drinking water, I may 
quote some numbers taken partly from l’rof. Wanklyn’s work on water 
analysis, and partly from other sources such as the Rivers Pollution Com¬ 
missioners’ Reports. The numbers given in the following table show tho 
number of parts of total ammonia and of chlorine in every million parts of 
the water, and the samples of water it will be seen are selected from a variety 
of sources, such as lakes, rivers, wells, springs, &c. 


Dksouictjon or Watkk. 


Total Ammonia i Chlorino parts 
paAs per l por million 
imillion of water. of water. 


London water, Kent Company, 

„ „ New ltivor Company, 

Glasgow water from Loch Katrine, 
Edinburgh, town water, 

Manchester town water, 

(Chester (Dee) town water, ... 

Ox ton (Birkenhead) town water, 
Guildford water, 

Cat.'iham water from deep spring, 
Deep spring at flocking, 

Deep Well at Chatham, 


o-o:i 

22 5 

008 

15'7 

008 

70 

007 

M-3 

007 

9 0 

007 

50 

002 


001 *- 

12 (i 

004 

Urli 

001 • 1 


0-06 



« As an additional comparison of tho quantities of “ Total Ammonia” 
and of Chlorine, which a good potable water should yield, I will quote tho 
amounts of these substances which have been obtained during tho last 
four years from analyses of the Calcutta Hydrant water made twice in 
each week. In the following table there arc given the average results 
obtained for each of the last four years, as well iis the general average for 
the whole of this period. 


Calcutta Hydrant Water. 



Average 1870, 

„ 1877, 

„ 1878, 

„ 1879, 

. Sums, 

Average^ 




i 

1 

No. of days 
of Analysis. 

No. of days 
when 

transparent 

and 

colorless.* 

No. of days 
when not 
perfectly 
filtered. 

Total 
ammonia 
in parts per 
million. 

Chlorine 
in parts per 
million. 

• •• 

• i • 

155 

137 

18 

0 037 

10-G5 

• M 

a • • 

104 

72 

32 

0016 

1040 

• a* 

• • • 

103 

75 

28 

0034 

837 

• •• 

HI 

103 

91 

12 

0035 

850 

• •• 

• « • 

465 

375 

90 

0152 

37-92 

• •• 

«... 

116 

94 

22 

0 038 

! 9-48 


* When examined by transmitted light in u tube three feet in length. 
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In passing I may hero remark, that a comparison of these numbers 
with those of the previous table, shows that the present water supply of 
Calcutta is really of excellent quality, and that very few of the good 
waters selected from those given in the works alluded to, are as pure as 
our hydrant water. That the purity of the hydrant water as determined 
by this process of analysis is not merely exceptional, is clear from the 
close agreement of the results of each year with the average of the four 
years. It will also be noticed that the hydrant water will fall in class 
one of Prof. Wanklyn’s classification, as being a water of extraordinary 
organic purity. 

On the other hand as examples of waters which are considered in 
England to be exceptionally bad, and which are at once condemrted as 
sources of water for domestic purposes, and as examples of the results 
obtained from sewage, I may quote the following from Prof. Wanklyn’s 
work on water analysis. 


Description or Watch. 

Total ammonia 
partB per 
million of water. 

Chlorino pails 
per million 
of water. 

Unaltered ThATQ.es Water at Hampton Court, 

0-32 

11-4 

„ Thamos water at London Bridge, ... 

211 

171 

Well at Look Workhouse (Staffordshire), 

0-36 

71 

Well in Windsor, ... 

1-28 


Well in Eton, ... 

Tump iu Drapers Hall, London, ... 

0-84 


6-31 

• 

„ „ Bishopsgate St., London, 

„ „ Goodgc St., London, 

7-75 

1770 

„ „ Oxford Market, ... 


474*3 

Sample of Sewage, ... ... ... 

1710 

141*4 


In addition to these examples I have analysed the Calcutta sewage 
by the same process. Thus on December 18 th, 1877, samples of sewage were 
collected at each hour from 6 a. m. to 6 i\ m. at the Pumping Station, and 
the amounts of total ammonia obtained from three of the samples showed 
84 0, 87‘0 and 145‘G parts per million of water. The average* amount of 
chlorine was 170’4 parts in the same volume. This shows a much more 
concentrated sewage than that analysed by Prof. Wanklyn, but it is fair 
to state that the three samples of Calcutta sewage were of extreme con¬ 
centration, and of a most repulsive and disgusting character. 

If we take the first two tables above given as representing good drink¬ 
ing waters, and the last as representing sewage, either dilute or concentrated 
as the case may be, we are now in a position to understand the meaning 
of the numbers obtained by the analyses of two hundred samples of 
Calcutta tank and well waters, which are given in the tables below. 
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I have previously noticed the three standards of purity suggested by 
Prof. Wanklyn, but as in the case of these Calcutta tank and well waters, 
we shall be dealing with very impure samples, it will be well to adopt some 
standards of greater impurity than before given. I think it will bo 
well within the mark to consider, that any sample of water which pro¬ 
duces more than 10 parts of total ammonia should bo classed as a sewage 
and not as a water, and that if the amount produced is between 10 and 
5 parts, the sample may be called a dilute sewago; from 5 parts to 
1 part we have a water considerably contaminated with sewage, and from 
1 part down to Prof. Wanklyn’s limit of O'10 parts of total ammonia, 
we have the class of Dirty Waters, which represent water contaminated 
morfe or less with organic or sewage matter. Itt the same way we may 
adopt a classification of the amounts of chlorine present, and there is 
apparently no doubt that a Calcutta tank or well water which contains 
more than 250 parts of chlorine per million should be classed as a sewago ; 
that a water containing from 250 to 150 parts of chlorino may bo looked 
on as a dilute sewago; that with from 150 to 100 parts of chlorine present 
wo have a water considerably contaminated with sewage; and when from 
100 to 50 parts are present a water may be said to be slightly contaminated, 
whilst if less than 50 parts of chlorine are present, the water may bo 
considered moderately safe. • 

The first of the two following tables contains the results obtained 
from the analysis of the tank waters, and the second tlio numbers obtained 
from the well waters. The tables contain 9 columns, most of wliich are 
explained by their headings. Column 1 gives the date on which the water 
was analysed, 2 and 8 the locality from which the sample was drawn and 
the section of the town in which the tank or well is situated. Column 
4 gives the reason why my attention was called to the state of the 
tank or well, and which lead to the water being analysed. Column 5 gives 
a # very brief description of the physical characters of the sample, prin¬ 
cipally as to colour, smell, presence or absence of solid matters in 
suspension, presence of animal life etc., and under this head it may be 
mentioned, that as most of the waters were extremely dirty and thick, 
the examination as to colour was made in a glass cylinder only six inches 
high standing on a white surface. Columns 0 and 7 give the amounts of total 
ammonia and of chlorine present in every million parts of water. Column 
8 gives the decision as to whether the water was considered fit for 
potable purposes or whether it was condemned for such uses, and the last 
column shews whether the tank or well has been subsequently filled up 
or dewatered. 

Most of these results have been submitted to the Health Officer to the 
Municipality in my capacity of Water Analyst, and it is due to the courtesy 
of Dr. McLeod that I am able to give the columns 4, 8 and 9. 
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Tank Waters , 187 ". 



Water supplies of Calcutta. 
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A. I’cdlcr —On the post and present 


[No. 2, 
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Water supplies of Calcutta. 


»1? . 
g 3 a 

6 6P 


— 3 

M "c "9 
ob® 

* 


• "S ft 

"Z* 

_; 3 J> 

i® !f g 
s ;r* 

T3 * 


o, 

3 

'O 

0) 

H 

• p4 
1*1 


S' 

■8 
r—e 

§ 


A 

3 

■8 

3 


■3 


o 

ft 


o 

P 


o 

P 


o o o 

p p p 


in 

(M 


o 
m 

# i* N 

«M eo t» 

•# W tH 


VO o 
<m in 
■^p 


3 




to 

l> 

da 

4ft 


§ 


eb 


eo 

® 

o 

oi 


o 

(M 


eo 


o 

00 


eo 

co 


co 

eo 


01 01 


js 

*3 

eu 

o 


3 

> 


00 

3 

00 

X) 

CJ 

3 

a 

.3 

'I 1 


g tl 

05 ni 

O ^5 pj 
M -4-» 09 

S cfliar: 

-sis § 

■S'S ”'S 

» g J-2 

fto S 

J 8 ° 2 

o 00 3 3 
OCoH.-y 

'2 £'£ 3 
60S g ® 

•r< o W Cl. 


<3J >» 

Jfs! 
« a 3 
- 3 ^3 

i|§ 

s s a 
8g ". 
S‘fi'2 


IB T3 
® 3 

a'd 
s 3 

t> 3 
3 04 

•° 2 
3 
oo 

g' ,3 

BPS 
£ S 

o» 

rt ' V 


■n 

d 

•H 

1 

o 

u 


d 

OS 


=3 


o 

OS 

eb 

n 

oi 

”^p 

eo 

di 


3 

3 

<05 


d 

d 

d 

d 

d 

d 

P 

P 

P 

P 

p 

P 

0 

0 ‘ 

0 " 

10 

4ft 

4ft 

0 

0 

0 

Cl 

*> 

<N 

*H 


eo 

eb 

f-H 

lift 

t- 



eo 

O 

00 


rH 

CM 

(M 

CO 

rH 

OS 


O 

OS 

'0 

O" 

Cl 

05 


m 

0 



00 


01 

do 


a> 

1 

d 

"a 

•g 

■ 

15 

JC* ^ 

'1 

& 

< 

rqj 

A d 

d 

s 

<15 

-2 £ 


O 

P 


eS 

& 

rH 

8 


d S^g 


,d 


PTj ffl 

<15 

g-'H 8 

O o tu 

'o o*'* 
° 3.2 

,3 • 8 
.23'd 

C *H p 

OHO 

k< H 


a -g 

3 


§ 

00 
O 
Pi 
K 

r3 3 ® 

'S'S.a 

3^0 
4i 3 

3. « +3 
no S 
3 oh S 
“ O g M 
.3 o « 

o oo "-3 S 

s.'s §•! 

+> 

03 


_ 3 S 

<» cC 3 

■4-3 *1* d 

5 W H 

tb gvg.3 

d ® ft 


d 

o 

o 

f 

8 

a? 

r 3 

a, 

o 


OT 

o 

a • 

§ b 


§ a 0=2 - 

*2 a rt —. “ 

Isf J “ 


l> *d 

-4-1 o o *> 

* . 03 s 

b 3 -a ” t-/S ^ 03 
W-rJ STS'** 

S 0 g O J-.2 a: 

6 t '95 o-b'S % a 

O 3«0 gii 1,0•- 
Bl 5 * » "S 3 


3 M 

fH 




H 



Ob'! 


o 

p 


05 

-4-» 

& 

OQ 

1 


o 

p 


o 

p 


o 

p 


05 

-*-» 

GO 

I 


•3 ^ 

^ § 
S’S . 

-3 3 0 

e o G 

»■& 

-3.SP 

■3 § 

o rt 


o 

p 


3 

•3 

34 

a 

o 

o 


3 . 

£ SB 

g £ iS 

•S 3 « 

„ O x 

B£r9 

®-sS 


3 

I 

a 

o 

o 


.2 

a 

g-s 

•3 3 

. o 

^•g> 

as 




O^^OOmOOP M 


CO 

9 ) 


f -; 

■r3 S 


«4 « 


E-t H 


o 

O 

1 
—v 

<D 

r^ 

& 

MD 



« 

JB 

| 

W 

.©f 

pH 

o 


o 

ii 

co 


!§ 


02 

TO 


o 

d 

o 


05 


TO 

a 

w 


a » 


* 

eo 


Cl 


eo 


’U 

-t* 


S S 


8* 

*< 


os 

«' 

O 


o eo 

•h ci 


1- O -i 

d eo N 

> 

“ " >1 


eo 



Tank Waters , 1877— Concluded. 


100 


A. Perller —On the past and present 


[No. 2, 
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Water supplies of Oolcutta. 
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Tank Waters. 1S78— Continued. 


A. 1 ‘odlcr —On the past and present 
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Tank Waters, 1870 . 


1880.] 


Water supplies of Calcutta. 
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A. Pedler —On the pant ami present 


[No. 2 r 
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Wafer supplies of Calcutta. 
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Water supplies of Calcatta. 
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Taking the results obtained by the Total Ammonia Test, and judged 
by the standards which have been put forward by Prof. Wanklyn, and the 
additional somewhat rough ones suggested by myself, it will be seen, as 
might bo expected, that no single tank or well water was of extraordinary 
organic purity, and that there were only seven tank waters included under tho 
head of “ safe” waters, five of which were from tanks on the maidan. Of 
dirty waters there were 20 out of the 200 or 13 per cent.; of waters con¬ 
siderably contaminated with sewage matter G1 were found, or 32 per cent. ; 
of dilute sewages there wero 32, or 1(5 per cent.; and of real genuine 
sewages 71 were found or 35.j por cent., that is rather more than ono 
third of the whole number. % 

In the following talTle those results arc separated into the two classes 
of tank and well waters, and it will be seen that the impurity of both 
descriptions of waters is nearly equal when judged by this test. 



Tank waters, . 52 1!) 30 10 7 0 124 

Percentage), . 42 15 30 7 G 0 100 

Well waters, . 19 13 28 10 0 0 76 

Percentage, . 25 17 37 21 0 0 100 

Percentage of both 
well and tank 

water, . 35-^- 16 _32_13_3£_0 100 


In considering the quantities of chlorine present, notice must be taken 
of the fact that, in a well water the amount of chlorine will be relatively 
greater than that of the total ammonia derived from the organic matter, 
because in the filtration of the water through tho soil to reach the well, 
all the insoluble portions of the organic matter present in the sewage, etc., 
will be stopped, whilst the chlorides will readily pass through in solution. 
Again in tho filtration of contaminated water through layers of earth or 
soil, a certain proportion of tho organic matter will be oxidized and convert¬ 
ed into inorganic compounds such as nitrates, which will not yield any 
ammonia on distillation with alkaline potassium permanganate. Thus we 
may expect, that a larger proportion of the well waters will be condemned 
by the chlorine process than would be condemned by the total ammonia test. 
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IV following table will show the classification of the tank and well waters 
according to the amounts of chlorine. 



Sewages containing 
more than 250 
parts of chlorine 
per million. 

Dilute sewages con¬ 
taining from 250 
to 150 parts of 
chlorine per mil¬ 
lion. 

Waters contaminat¬ 
ed with consider¬ 
able quantities of 
sewage contain¬ 
ing from 150 to 
100 parts of chlo¬ 
rine per million. 

Dirty waters con¬ 
taining from 100 
to 50 parts of chlo¬ 
rine per million. 

Moderately safe 
waters containing 
from 50 to 20 parts 
of chlo.per million. 

Good waters less 
than 20 parts of 
chlorine per mil¬ 
lion. 

Total. 

Tank waters, .. 

56 

38 

14 

6 

7 

3 

124 

Ponyutage, ... 

45 

ao 

11 

5 

6 

3 

100 

Well waters,... 

49 

18 

1 

5 

2 

1 

7G 

Percentage, ... 

64 

24 

1 

7 

;t 

1 

100 

Percentage of 








well and tank 








waters, . 

B2J 

•28 

n 

1 

ic 

4 A 

2 

100 


Tt would of course be quite permissible to consider waters which liavo 
been condemned by either of these two methods to bo sewages, dilute 
sewages or unfit for domestic use, etc., hut on inspection of the tables 
it willkJUiiMtfcen, that as a general rule a water which is condemned by the 
total airlnonia test is also condemned by the amount of chlorine present. 

Tlie\psults, however, are sufficiently startling, ‘if wo only take the 
mean of the results of the two determinations ; and at the very lowest esti¬ 
mate it must be said, that of the 200 samples of Calcutta tank and well 
waters examined by me, forty-four per cent, wore true sewages, twenty-two 
per cent, were dilute sewages, twenty per cent, of the waters were contami¬ 
nated with considerable quantities of sewage, nine per cent, were “ dirty 
waters,” and about four or five per cent, only were moderately safe waters. 
'These last consisted principally of the well kept tanks on the maidan, and 
two or three others in the southern part of the town. 

In the next table I have grouped the well and tank waters according 
to the sections 0 f the town to which they belong ; in this table I have 
given, first the name of each section and its population per acre according 
to the census of 187G, then the total number of waters analysed from each 
section, with their classification according to the plan beforo adopted. 
There is also given the average composition of all the waters analysed in 
each section. It will be strikingly seen from this table, how much more 
impure the tanks and wells of the northern divisions are, than those of the 
southern sections of the town. 
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Name of Section. 


A. Tank Waters. 


Sbampookor, 

Kooniaitooly, 

Burlolla, 

Sookra'8 Street, 

Joi-ahagan, 

.lorasunko, 

llm-ra Bazar, 

(‘olootoHah, 

Mooclii'i'parra, 

Bow Jia/ar, 

Puddopookor, 

Waterloo Street, 

Fumvick Bazar, 

Tal loll all, 

Colinga, 

Park Stroot, 
Banmn Bus too, 
Hastings, 
Maidan, 


B. Well Wains. 


Shampooker, 

Kouniurtouly, 

Burlolla, 

Sookoa's Stroct, 

Jorabagan, 

Jorasanko, 

Burra Bazar, 

Colootollah, 

Moooheepnrra, 

Bow Bazar, 

Tuddapooker, 

Fenwick Bazar, 

Taltollah, 



Average 

composition 

OP 

ALL WATERS. 



... (! 
... D 
... K 
... V 
... U 


... d 
... £ 
... L 
... M 
... N 
... O 
... P 
... Q 
... It 


21 L l 

in' 2 

15H{ 4 
11!)' 13 
27; 0 
133' 3 
121 11 
72 10 
23 0 

30 3 

86 3 


0 0 
0 0 


8-86 ! 330-0 
12 GO ; 377-2 
I 102 1 3G7 7 
i 6-48 j 213-3 
i 17-00 I 310-5 
! 2621 | 203 8 

f j 101 6 
. 177-5 
, 1901 
! 209-5 
51-77 j 307-2 

4 0G I 164 0 
23-70 211-9 
513 10 iO 

717 162-1 
009 53 0 

0 00 101 


A 75: 1 

B 163 12 8 

C 81 5 1 

D 87 2 2 

E 152 25 5 

F 137 7 5 

(x 108 6 

H 21-i: 1 

I 111 7 2 

J 156 2 0 

K 110 4 2 

M 135 2 1 

N 124; 2 0 


0 
0 
0 
0 
2 
0 
2 

. 0 
2 0 


) 0 12 80 ! 
) 0 17*901 

) 0 3-90 i 

) 0 19-87! 

) 0 21-17 : 

) 0 19.87 I 

) 0 1-82 j 

) 0 0-33 : 

0 6-68! 
0 1*71 i 

0 18-95 i 

0 6-62 ! 

0 212 ! 


582-2 
■166-1 
2100 
621-2 
371-7 
535 0 
410-8 
639 0 
299-4 
406-5 
518-7 
426 0 
541*4 
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In classifying these waters I have not separately considered the two 
numbers I obtained by analysis for the total ammonia and chlorine, but 
have decided on the character of each water from the amounts of both tlicso 
substances, and this table would therefore show the exact character which 
I have attached to the waters which I have analysed. 

I scarcely think that it is necessary to criticise in detail the numbers 
which I have obtained in these analyses. In some instances tho results of 
analyses showed that the tank and well waters are considerably more im¬ 
pure than the very concentrated Calcutta sewage, which was collected at 
the Pumping Station on December ISth, 1870. I have indeed never read in 
any work or research of such horribly filthy waters as these are, and they 
are*waters which are now, or have been formerly used for domestic purposes 
by many of the poorer inhabitants of Calcutta. 

Taking the numbers given in the foregoing tables, it may be said as a 
general result of the whole of these analyses, that an average Calcutta tank 
or well water contains 1G 2 parts of total ammonia and 820 0 parts of 
chlorine per million of water. This it will be remembered from one of tho 
previous tables, is if anything rather more impure than ordinary English 
sewage as obtained and. analysed by Prof. Wanklyn. In the table referred to 
Prof. Wanklyn found in a sample of sewage 17TO parts of Total Ammonia 
and lfl5*iPparts of Chlorine. Wo may also say that the average Calcutta 
tank or^ell water contains more than 100 times as much organic nitrogenous 
matter a»*is usually present in the hydrant water. 

I have, however, no wish to enlarge to any extent on this decidedly 
nauseous topic, but perhaps the most striking condemnation of tho well 
and tank waters of Calcutta, and which will appeal to every inhabitant, 
whether scientific or otherwise, is to say, that a good average quality of 
Calcutta tank or shallow well water may be made, by m ixi ng six parts of 
our present hydrant water with from one to two parts of the most 
concentrated Calcutta sewage. This artificial tank or well water will be of 
about the average composition ; it will also be so far as can be judged, 
equally healthy for potable and domestic purposes, and as for its taste, 
odour, ete., it will probably be rather superior to the general run of Calcutta 
tank and well waters. 

So far as I can ascertain this was the kind of water which was com¬ 
monly used for drinking and domestic purposes in Calcutta in former days, 
and which may to a certain extent be still used by the poorer inhabitants of 
the northern quarter of the town. 

The present water supply , i. e., the Hydrant water . 

I need scarcely mention that our present hydrant water consists of the 
Hooghly water lumped from the river at Pultah ; it is there collected in 
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settling tanks, and after subsidence it is filtered through sand and then sup. 
plied to Calcutta. As I have made some remarks as to the quantity of the 
former water supply of Calcutta, this paper would not be complete if I did not 
refer to the quantity of our present supply. From the Report of the 
Municipality for the year 1S7£>, I find that as the average for the whole year, 
7,464,159 gallons of filtered water were daily supplied to the town. Accord¬ 
ing to Mr. Beverley’s Census of 1B76, the number of inhabitants was 
429,535, and each inhabitant would therefore receive 17'4 gallons of filtered 
water daily. But in addition to the filtered water, there is an unfiltered 
supply pumped up at Chandpal Ghat which is widely distributed through the 
town, where it is I believoused for such purposes as watering the roads and 
streets, flushing latrines tmd sewers, filling reserved tanks, etc. The daily 
unliltored supply was on the average of the whole year, 1,091,866 gallons, 
and therefore the total daily supply in Calcutta for the past year was 
8,550,025 gallons, equivalent to 19 92 gallons per head, or practically there 
were 20 gallons of water available for domestic and sanitary purposes for 
each inhabitant. This though perhaps not an abundant supply is a fairly 
liberal one, and is very much larger than the quantity of the old supply from 
tanks and wells. It is, however, not equal to tho quantity allowed in most 
European towns, for as pointed out in a former part of this paper the average 
daily water supply of English towns is at least 25 gallons per heatffljrfopula- 
tion. In this country,, however, it would appear that a more libeiJl supply 
would be required than in a European eliiftate, and it has therefore been 
proposed to double the present amount of filtered water, in which case 
Calcutta would receive a daily supply of 16,000,000 gallons equivalent to 
372 gallons per head. If this proposal is carried out, the supply of filtered 
water will be most abundant, and it will be amply sufficient for every possible 
want of the town so long as it keeps to its present dimensions. 

The quality of the hydrant water as I mentioned before has been 
determined for four years, month by month, by I)r. Frankland’s process of 
analysis. This is certainly the most elaborate and complete method dis¬ 
covered, and it is believed to show the quality of a water, not only as regards 
its present actual constituents, but also to indicate to a certain extent, what 
its previous history has been. In this process it may be stated the follow¬ 
ing operations are performed: first the amount of total solids dissolved 
in the water is estimated, then the amounts of carbon and nitrogen 
present in the organic matter are determined (these are called organic 
carbon and organic nitrogen in the following tables) ; next the amount of 
free ammonia present (if any) is determined, and the amount of nitrogon 
contained in the form of nitrates or nitrites is estimated; the amount of 
chlorine present as chlorides is also determined, and finally the hardness of 
tho water, temporary, permanent and total is estimated. * Of these deter- 
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mi nations the second, third, fourth and fifth are the most important 
from a hygienic point of view. Thus the amounts of organic 
carbon and nitrogen represent the organic matter oxisting as such in 
the water, at the time of analysis. The ammonia may to a certain 
extent be duo to the original ammonia we firyl in rain water, but more 
generally it may have been produced by the introduction of sewago 
matter into the water. The nitrates and nitrites present in water are 
derived from the oxidation of nitrogenous organic matter; this oxidation 
may have taken place either in the water itself, or in the soil on which the 
rain water fell. These last constituents are to bo looked on with suspicion 
unless the water is derived from a deep well, when it may contain consi- 
dersfble quantities of these substances without gising rise to any alarm. 
It is not that nitrates in themselves are injurious in any way, but their 
occurrence in any quantity in river or shallow well waters shows, that the 
water must have been either contaminated with some nitrogenous organic 
matter in a state of decomposition, or in some circumstances where decom¬ 
posing nitrogenous organic matter hud been previously present. It is 
pointed out that it must be more or less dangerous to drink water that has 
thus been contaminated with organic matter or with nitrates derived from 
organic matter, for it is possible if not probable that in such a water the most 
noxious of wil its constituents would entiroly escape oxidation or any kind of 
change. Vl’he reason for this opinion is very clearly expressed in one of 
Dr. Fraiudand’s papers on potable water. In the Journal of the Chemi¬ 
cal Society, March 18G8, at page 31 of his Memoir, he says—•“ There 
is also another aspect in which the previous sewage contamination of a 
water (i. e ., the presence of large quantities of nitrates etc.) assumes a 
high degree of importance ; if the shell of an egg wore broken, and its 
contents beaten up with water, and thrown into tho Thames at Oxford, the 
albumen would probably be eutirely converted into mineral compounds 
before it reached Toddington, but no such destruction of the nitrogenous 
organic matter would ensue, if the egg were carried down the stream 
unbroken for the same distance; the egg would oven retain its vitality 
under circgmstances which would break up and destroy dead or unorganised 
organio matter. Now excrementitious matters certainly, sometimes, if 
not always, contain the germs or ova of organized beings, and as many of 
these can doubtless retain their vitality for a long time in water, it follows 
that thoy can resist the oxidizing influences which destroy the cxcremen- 
titious matters associated with them. Hence great previous sewage con¬ 
tamination in a water means great risk of the presence of these germs, 
which, on account of their sparseness and minute size, utterly elude f the 
most delicate determinations of chemical analysis.” A considerable number 
of chemists have put forward the statement, that a river water which has 
10 
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been contaminated with sewage matters will entirely purify itself in a flow 
of a few miles, and will thus again become fit for potable and domestic 
purposes. The weight of the evidenco appears however to disprove this 
statement, and further experiments made by Dr. Frankland have^ shown 
that this oxidation of sewage matter when present in running water is a 
process of extreme slowness. Thus in the report, of the Rivers Pollution 
Commissioners, he writes: 

“ Assuming, however, that if the polluted water had been constantly 
exposed to the air, a portion at least of the oxygen used would have been 
replaced, and assuming further that the oxidation proceeded during 168 
hours at the maximum rate observed, then at the end of that time, only 
623 per cent, of the sewage would be oxidized. * 

“ It is thus evident that so far from sewage mixed with 20 times its 
volume of watci being oxidized during a flow of 10 or 12 miles, scarcely 
two-tliirds of it would bo so destroyed in a flow of 168 miles, at the rate 
of one milo per hour, or after the lapse of a week. But even this result 
is arrived at by a series of assumptions which are all greatly in favour of 
the elliciency of the oxidizing process. Thus, for instance, it is assumed 
that 62'3 per cent, of sewage is thoroughly oxidized, and converted into 
inoffensive inorganic matter, but the experiments showed that, in fact, no 
sowago matter whatever was converted or destroyed even aftwoytlf; lapse 
of a week, since the amount of carbonic acid dissolved in ipto water 
remained constant during the whole period.of the experiment, wJ-Tlst, if the 
sewage had been converted into inorganic compounds, the carbonic acid, as 
one of these compounds, must have increased in quantity. 

“ Thus, whether we examine the organic pollution of a river at dif¬ 
ferent points of its flow, or the rate of disappearance of the organic matter 
of sewage when the latter is mixed with fresh water, and violently agitated 
in contact with air, or Anally, the rate at which dissolved oxygen disappears 
in water polluted with 5 per cent, of sowago, wc are led in each case to the 
inevitable conclusion, that the oxidation of the organic matter in sewage 
proceeds with extreme slowness, even when the sewage is mixed with a 
large volume of unpolluted water, and that it is impossible to say how far 
such water must flow before the sowage matter becomes thoroughly oxidized. 
It will be safo to infer, however, from the above results, that there is no 
river in the United Kingdom long enough to effect the destruction of 
sowago by oxidation.” 

Thus Dr. Frankland is of opinion that a river water once largely 
contaminated with sewage or organic matter can never of itself become 
sufficiently pure again to be a safe water supply. To this point I shall 
again have occasion to refer, when speaking of the proposed sources of the 
new supply. o 
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From these remarks it will be seen that in judging of the quality of 
a potable water by Frankland’s process of analysis, we pay the greatest 
amount of attention to the amounts of ammonia and of organic carbon 
and nitrogen, as representing organic matter actually present, whilst we 
depend upon the amount of nitrates (and to a considerable extent also 
on the amount of chlorides as explained in the previous part of this paper) 
to indicate organic contamination which hasbeeomo oxidized. The amounts 
of total solids and of Hardness although important from a manufacturer’s 
point of view, do not seem to have any marked action on the health of 
persons drinking such water, except when such constituents aro presont 
in very large quantities. 

I)r. Frankland lias unfortunately not fixed upcgi any very definite stan¬ 
dard as to the amounts of the above substances which may he present in 
water and yet not render it dangerous, and in fact it is almost impossible 
to draw any bard and fast rule ; but so far as can be ascertained from bis 
writings, Dr. Frankland appears to think that a supply which contains 
010 parts of organic carbon and nitrogen in every hundred thousand parts 
of water is of “ great organic purity,” whilst one containing 0 U0 parts of 
the same substances in the same volume should be considered a water of 
“ fair organic purity.” If the quantity is above this a water would bo of 
doubted, purity, and if in still larger quantities the j-vatcr would bo 
recognised as impure. 

In o \der to give an idea of«tbe quantities of those various substances 
present in the water supplies of many of the large towns in England, and to 
show the average composition of different samples of water from various 
sources, I append a table giving the results by this method of analysis of the 
London water supply from the rivers Thamos and Lea, and from the deep 
wells in the chalk, also the results of the Edinburgh, Glasgow, Liverpool, 
Manchester and Dublin water supplies, and the average composition 
derived from tho analysis of a large number of samples of rain water, 
upland surface water, spring water, and sea water. Most of these numbers 
are taken from the various roports of the Royal Commissioners who 
were apppinted to investigate the Pollution of Rivers in England, but 
some of the numbers come from the article on Water Analysis given in 
** Sutton’s Volumetric Analysis.” 

See Table , page 120. 

Having thus settled our standards for comparison, wo can now discuss 
the present water supply of Calcutta. The results obtained by the analysis 
of the Hydrant water are given in the * following table; the numbers 
shown for each month are the averages for the past four years, and at the 
foot of the table, the general average for the whole of tho four years is 
appended. * 


See Table, page 121. 



Results of Analysis expressed in parts per 100,000. 
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Taking the numbers representing the general average for the year and 
comparing them with the standards which I have suggested from Dr. 
Frankland’s works, we find that the Calcutta water falls just outside the 
class of waters of “ great organic purity,” but that it is well within tho 
class of waters of “ fair organic purity.” 

Comparing again tho numbers with those given in the previous 
table we find that the Calcutta Hydrant water though not so pure as tho 
London waters derived from the deep wells in tho Chalk, is certainly 
purer than tho waters derived from tho Thames, and perhaps also from the 
Lea. It is also decidedly more free from impurity than the water supplies 
of Edinburgh, Liverpool and Dublin, but taking all the constituents into 
consideration, it is not so«pure as the Glasgow or Manchester supplies, oi 1 as 
the Rhine water above Sehaffhausen. Comparing the Hydrant water with 
tho average composition of unpolluted upland surface water as given by Dr. 
Eranklaiul, we find that it is scarcely so pure as unpolluted water should be, 
and we are therefore compelled to admit that the Hooghly water has been 
slightly contaminated before it reaches Pultah. The .amount of contami¬ 
nation is, however, not very gi*cat and as pointed out before, the Calcutta water 
falls well within the class of waters of medium purity. That the Calcutta 
water must be contaminated to a certain extent will be I think obvious 
to any one who ia acquainted with tho customs of the inhabitant*^.^ndia, 
and more particularly of the inhabitants of villages and towns£ on the 
banks of the rivers. This contamination is a drawback to the. Complete 
safety of* our water supply, for as pointed out previously, Dr. Frankland 
is of opinion, that a water onco contaminated is always dangerous, and 
that the self-purification of a river which is so strongly insisted upon by 
certain persons is exceedingly slight. It does not however at present appoar 
to be possible to cut off those sources of contamination, and the Hydrant 
water though good is not a perfect supply. Every effort however should 
bo made to keep this previous contamination down to the lowest possible 
point, and it is to bo hoped when systems of drainage are being introduced 
into the up-country towns, that the sewage from them will not be allowed 
to find its way into our river. Speaking generally the sewage |rom any 
one town should not bo allowed to find its way into a river which is used as 
a source of water supply for other towns lower down. 

It is not my intention to criticise these average numbors in detail, 
but it will suffice to say that from the absence of ammonia and from the 
smallness of the amounts of organic carbon and nitrogen, and of nitrates 
and nitrites, and also of chlorine, it is clearly evident that the contamination 
of the Calcutta water is really much smaller than might have been ex¬ 
pected under the circumstances, and we may rest assured that our water 
supply is of fairly good quality, better in fact than that received by the 
majority of large towns in Europe. 
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In considering the results of the analysis of the Calcutta water 
month by month, we find that its composition varies considerably at 
different parts of the year. A close inspection of the table will show 
that apparently there aro two distinct causes at work in modifying the 
composition of the water. The first prominent cause, and the one which has 
by far the greater influence, is to be found in the commencement, 
and during the continuance of the rainy season; the second and smaller 
cause appears to bo the melting of the Himalayan snows by tho burning 
sun of March, April, May and Juno. These ckangos aro most clearly noticed 
in the column of Total Solid Impurity, and hero we read that starting in 
January the amounts of total solids gradually increase up to March, when 
22*37 parts aro present in every hundred thousand parts of water; in April 
and May tho quantities steadily and gradually diminish, the numbers being 
2168 and 21’23 respectively; this dccroaso continues until Juno 1st when 
there are only 19 43 parts of solid impurity present. These numbers of 
course correspond with the gradual and increasing diluting effect due to tho 
admixture of pure snow water with the ordinary river water. In the middle 
of June, however, the rainy season usually commences, and there is a sudden 
decrease in the solidsowing to the diluting action of tho enormous volumes of 
rain water, and we find'only 13*01< parts on July 1st; from this time there 
is a sl^ghtjjut steady decrease until October, when the waiter contains tho 
smallest amount of solids present at any time of tile year; the average for 
October'1st showing 11’30 p^rts. After the complete cessation of tho 
rains (after November 1st) there is again a sudden rise in tho tofcp.1 solids, 
and on December 1st, 19 -14 parts aro present. Some of the other columns of 
figures show a somewhat similar change, but in the case of the organic 
matter the change is not very marked. In the amount of nitrates 
present in tho water, there appear to be two distinct maximum quanti¬ 
ties during the year, one in March at the timo of greatest concentra¬ 
tion of the water as before mentioned, and the second at the commence¬ 
ment of tho rains. This second maximum is readily accounted for when 
we consider, that tho first effect of the rains will be to dissolve out tho 
nitrates which have been accumulating in the soil of tho drier parts of 
the country during the hot season ; the amount of nitrates, however, it 
will be seen, steadily decreases towards the end of the rains, and this to a 
certain extent confirms the explanation. 

Indeed during the first weeks or even days of tho rainy soason, the 
composition of our water supply is undergoing very rapid change, owing to 
the diluting action of the rain, and to the fact that the first showers of rain 
will wash out considerable quantities of soluble organic matter, nitrates, 
etc., from the soil; afterwards, however, the rain water will run off com¬ 
paratively pure. We shall therefore expect that the first action of the rain 
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will be to decrease the total solids, and to increase tbe amounts of organic 
impurity and of nitrates, and that afterwards all the constituents will 
decrease in quantity. 

That such is the case may be seen by the following analyses made on 
Juno 1st, 23rd and 26th and July 1st of last year. Each of the analyses 
shows the gradual dilution of the water by the heavy falls of rain in the 
districts from which our supply is collected, and the increase of organic 
matter and of nitrates due to the washing out of the substances from the 
soil by the first showers of rain. 


HOOGIILY WATER. 

J Results of Analysis expressed in parts per 100,000. 


Number of Sample. 

Date of collection of 
Sample. 

Total solid Impurity. 

Organic Carbon. 

Organic Nitrogen. 

Ammonia. 

Nitrogen as Nitrates 
and Nitrites. 

Total Combined Ni¬ 
trogen. 

Chlorine. 

Hardness. 

Temporary. 

Permanent. 

Total. 

1 

ilune 1st, 1879, 

" 19-56 

H 

0 052 

000 

Traces 

03 

o 
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1-32 

424 


6-79 
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June 23rd, 

J? 


0148 

3 

*001 

»*023 

0123 

0-923 

3-4Q. 

325j 

671 

3 

Junff 26th, 

n 

1668 

0*138 


•002 

# 0«j3 

0-130 


3-33 

3*38 

6*71 

4 

July 1st, 

V 

12*48 


BB 

*000 

*039 

0132 

0*89 


4-57 

5-29 


JExtension of the Present Water Supply. 

As pointed out previously it is now proposed to double the supply of 
filtered water for Calcutta, and recently a proposal has been urged on the 
Corporation to collect the now supply of water at Cossipore or Dukhinsahar 
instead of as at present at Pultah. As I was consulted on this subject and 
gave a strong recommendation that the water should not be taken from any 
place near to Calcutta, but that the present source at Pultah should still be 
used, I may perhaps be allowed to give the substance of my arguments against 
the two proposed sources of supply at Cossipore and at Dukhinsahar. 

My opinions on this point are to a great extent founded on some 
previous analyses of the river water taken at various points near to Calcutta, 
which were made by Dr. Macnamara and Mr. Waldie, when the Calcutta 
supply was first being introduced, but in addition I have myself made a few 
analyses which have confirmed me in my conclusions. , 
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The usual time for pumping up the water from the river into the 
settling tanks is at five hours’ ebb ; this is of course done so as to avoid 
the possibility of taking in any tidal water and as far as possible to secure 
only the true river water. The proposals for taking the water for these 
two places appeared then to resolve themselves into two questions. 

(a) Whether at five hours of ebb the water off Cossipore, at all 
seasons of the year can be relied on as a safe source of water-supply. 

(b) Whether at five hours of ebb, the water at a distance of two or 
three miles above Cossipore, at all seasons of the year, can bo relied on 
as a safe source of water-supply. For I think it will be generally admitted, 
if at either place, at any ono season of the year, the quality of the water 
cannot be relied on, this would be equivalent to « condemnation of the 
proposed place of supply. 

Before proceeding to deal with tlio actual results of the analyses 
which have been previously made by the two gentlemen abovementiOned, it 
will be well to take a general review of the conditions of our river from which 
the water-supply is to be derived. The river, as is well known, is a tidal 
one to a considerable distance above its mouth, and it appears certain that 
the tidal water docs not at any season of the year, or under any ordinary 
■circumstances, reach higher than Chinsurah. I have already shown in a 
previ^us.pavt of this paper that the true river water, as it has been delivered 
of late •years in Calcutta, is a tolerably pure and reliable supply, and that 
there has never been the slightest suspicion of any appreciable admixture 
of tidal water with the natural river water, in the hydrant water now 
supplied from Pultah. This of course, is because the water is collected 
at a considerable distance up the river, and that it is taken at five 
hours’ ebb. 

The tidal water however, in flowing up past Calcutta undoubtedly, 
must become contaminated with a variety of impurities. It may be true 
tfhat a large proportion, or perhaps nearly the whole of the sewage, as 
collected in the drains of this town, is now carried to the Salt Water Lakes, 
but no one, knowing the habits of the lower orders of tho natives of this 
country, # will believo, that this represents the sum total of the sewage. 
In all probability, there is a large amount of filth of various kinds, which 
finds its way direct into the river. Again, on the banks of the river 
numerous factories have now sprung up, and it will be quite unlike the 
usual experience in England if these factories, unrestrained by Acts of 
Parliament, do not also send a large amount of filth, refuse, &c , into the 
running stream beside them. I am not aware what sanitary arrangements 
are made on the Howrah side of the river, but it has always appeared 
to* me, that a large amount of drainage reaches the river from that 
source. • * 
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Also it must be remembered that Calcutta is a large shipping port; 
thus on the average I believe there are about 2,000 vessels annually 
arriving and departing from the port, aggregating nearly two and 
a half millions of tons ; to these must be added the very large numbers of 
country boats, dinghis, &c., which line the shores and which help to carry 
on the great and increasing trade of Calcutta. Omitting the actual business 
operations carried on, it must bo admitted, that the crews oi these vessels 
will add a not inconsiderable amount of sewage contamination to the river 
water. The tidal water, in flowing past Calcutta, must of necessity then 
carry with it all such contamination, and will in that state be orobably, if 
not certainly, unfit for drinking, or even for domestic purpose ■ 

I think it cannot be? disputed that, in selecting a site from which to 
collect water for drinkiny and domestic purposes, it will be essential, that 
at all seasons of the year, at the ordinary time of collection, (five hours’ ebb) 
there shall be practically no admixture of tidal water with river water 
proper ; for it is evident, that the tidal water will always be contaminated 
with various kinds of organic matter. 

The two questions which I suggested previously, thus become limited 
to the consideration of whether at Cossipore, or at two or throe miles 
above it, the water at live hours’ ebb is free from contamination with tidal 
water at all seasons of % the year. It would be bad enough to supply 
brackish tidal water for drinking purposes, but far worse to supply tidal 
water, which had collected all sorts of lilth<* and abomination on its way 
up. 

Having suggested what it appears necessary to prove, we can now 
pass on to tho consideration of the analyses which have been made on this 
point. Most of these analyses wero made from 12 to 18 years since, when 
comparatively littlo attention had been given to the subject of water 
analysis, and an important part of the method of analysis then employed 
has been since shown to be eminently untrustworthy and unreliable. Tho 
suitability of a water for domestic purposes is (as pointed out previously) 
believed to depend principally on its freedom from organic contamination, 
I am sorry to say that the methods for the determination <yf organic 
matter in water, used in the old analyses under notice, have been since 
shown to give at the best but very rough indications, which do not at all 
represent the absolute amounts of organic matter present. Though these 
methods of analysis failed to give thoroughly reliable information, yet I 
do not think it too much to assume that, to a certain extent, they gave 
information as to comparative purity of samples of the same variety of 
water, and valuable information may thus be extracted from them. By 
this I do not mean to say that the exact proportional freedom of the water 
from organic matter will be represented by the figures given in these analyses, 
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but I do think that thoy'may indicate that certain samples are less pure than 
others, and so on. For the purpose of a simple comparison, these results 
will be almost as useful as absolute statements, tor we may work on the 
basis, that the good quality of our Hydrant water has been satisfactorily 
demonstrated. 

In passing I may mention that Mr. Wahlio disputes the correctness 
of Dr. Macuamara’s results as to amount of organic matter present in the 
water, but it would be quite as easy for me, with a knowledge of the 
progress of the last ten years, to dispute the correctness of Mr. Waldie’s 
results, so that in both cases, the results of the old analyses as to organic 
matter are to be accepted as comparative statements, rather than actual 
truths. It must be clearly understood, howevej\ that I have no wish to 
under-rate the value of the work done by I)r, Macnamara and by Mr. 
Waldie ; far from it, I believe that the results criticized arc as accurate 
and reliable as could be obtained by the processes then known, and in 
those portions of the work, where tin; methods of analysis have not been 
changed, I think we may rely, with cortainty, on the accuracy of the 
results given. 

In the face of the above facts, I may bo pardoned, if in considering 
these.old analyses I draw more particular attention to the determination 
of thi/inorganic substances present, where the methods qf analysis have 
scarcely ,changed, and refer less to the determinations of the organic 
substances present in the wate*. 

In tidal water, that is water of which a part at least has bceij derived 
from the sea, sodium chloride, or common salt, is a prominent ingredient. 
In the table given on p. 120, it will be seen that sea water contains no loss 
than 11)75*0 parts of chlorine per hundred thousand of water; this substance, 
on the other hand, is present in very minute quantities in the true river 
water, and lienee wo have a crucial test to apply, iu order to determine the 
presence or absence of tidal water in the samples in question. It may hero 
also bo well to remark that the process of analysis for the determination 
of chlorine in waters has not changed since the period when the analyses 
by Dr. Macnamara and Mr. Waldie were made, and therefore we may 
entirely rely on the accuracy of the results given as to the amounts of this 
constituent present in the samples of water analysed. 

In the following table I quote four sets of analyses made by Dr. 
Macnamara of water collected, at low water in each case, from three 
different points in the river, namely, at Chinsurah, Pultah and off Cossi- 
pore, (one mile above Baug Bazar Bridge). For the sake of comparison I 
have added to the table some of the numbers obtained in the regular analysis 
of water for the year 187b. 
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Analyses of Water taken in the middle of Stream six feet 

FAOM SURFACE. 


Remits expressed in parts per 100,000 of water. 
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An examination of this table and of the numbers given in previous 
parts of this paper shows clearly that the pure river water* i. e. t the present 
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hydrant water never contains more than two or at tho outside three 
parts of sodium chloride per 100,000 oE water. This is proved by Dr. 
Macnamara’s .analyses of the water at Ohinsurah and Pultah, and also by 
the numbers obtained weekly and monthly by myself. 

When however the analyses of Cossiporc«watcr are considered, it will 
be seen that, whilst at low water in September and December, its com¬ 
position is very similar to that of pure river water collected higher up : in 
March and more particularly in .Tune, there are very striking differences. 
Thus on June 12th 1862 whilst at Pultah, there were only 20 parts of 
solid impurity and .3 6 parts of sodium chloride or salt in every 100,000 
parts of water, at Cossiporo (one mile above I Jang Ila/.ar Uridge) on tho 
same day, and at. low water, in the satno volume there were no less than 
071 parts of solid impurity, of which 65 •7 parts wore sodium chloride. 
This clearly indicates that on this occasion, there was a very large admixture 
of tidal water with tho river water. Dr. Macnamara’s results, as to tho 
amount of organic matter, also appear to show that in June, there was 
much more present in tho Cossiporo water than in that collected at 
Pujtah, and this is really what would bo expected to bo tho case. The 
ratio of the organic matter shown in tho two instances is greater than 2 
to 1, gnd 1 think that this difference must indicate that the water at Cossi- 
pore did contain an excess of organic matter over tlyit contained at Pultah. 
The absolute amounts of organic matter were, we now know, very much 
smaller than tho numbers givln in the table, but we can probably rely, to 
a certain extent, on tho relative correctness of tho numbers given* 

There appears then to bo no escape from the conclusion which Dr. 
Macnamara draws in his criticism of those results when he says—“ the water 
(at Cossiporo) during March, April, May and Juno is largely intermixed 
with the saline matters of tho sea water and the sewerage of Calcutta, and 
during that time is unfit for human consumption.” 

As before pointed out the sewage contamination would be very much 
less at the present time than it was then, but I have tried to prove that 
wc cannot have an admixture of tidal water without at the same time 
having organic and sewage contamination. I have no doubt that during 
the rains when a powerful stream is running down, tho water at Cossiporo 
may be nearly as pure as that at Pultah, but I think that Dr. Macnamara’s 
analyses alone prove that, during the hot weather mouths, tho water at 
Cossipore is by no means pure enough to be selected as a water-supply. 

Turning now to the analyses made by Mr. Waldie, it appears to me 
that they essentially confirm the results given by Dr. Macnamara, The 
water tested by Mr. Waldie was taken usually from the river at Iiurranagur, 
which is said to be two miles above Cossipore. Here on June 14th, 1866 at 
11-6 a. M., (at Itfw water) 30-7 parts of solid matter, of which 14'5 parts 
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wore sodium chloride, were found; again on May 18G6, two hours before 
the commencement of tide, there were 21*50 parts of salt present ; on 
May 2nd 1800, there were 15*50 parts of salt at ebb-tide, and on June 1st 
1800 at nearly low water, 1G*50 parts of sodium chloride v/ere found ; 
these numbers being the quantities present in 100,000 parts of water. 

With regard to organic matter also Mr. Waldie’s results, though 
showing much less organic matter than Dr. Macnamara’s analyses, to a 
great extent confirm his statements, and prove that as a rule, there is a 
larger .amount of organic matter in the water collected at obb-tido off 
Uurranagur, than in the water collected at higher points of the river. The 
numbers above quoted show unmistakeably that at two miles above Cossi¬ 
pore during the hot season, there is a decided admixture of tidal water 
and probably of sewage contamination with the pure river water, and that 
this is the case oven with samples collected at low water. 

The opinion of Dr. Macnamara as to the suitability of Cossiporo 
water for drinking purposes, has already been given. I will now quote 
Mr. Waldio’s remark in his general summary of results—■“ Can the supply 
bo safely taken from the river at Cossipore ? Wo can scarcely answer, in 
the affirmative.” 

In conclusion, then, I may say that, so far as can be ascertained from 
the old analyses*by Dr. Macnamara and Mr. Waldie, and fromnny own 
results, it is my opiniop— f 

That during the rainy season, and whilst the river is in full stream, 
the water collected two miles above Cossipore, or perhaps even at Cossipore, 
could probably be used as a fairly safe water-supply. 

That during the hot weather months, if the water is collected two 
miles above Cossiporo, even at five hours’ ebb, there will frequently, if 
not always, be contamination with tidal water to an extent, which unfits 
it for a safe water-supply, and the water will bo contaminated to a still 
greater degree if collected at Cossipore. 

That this tidal contamination would involve also organic contamination 
to a considerable oxtont, and that, as pointed out in a provious part of 
this paper, such organic or sewage contamination cannot bccomer oxidized 
or destroyed during the flow of the water, nor can the water be purified 
by the ordinary processes of settling, filtration through sand etc. so as to 
render it a safe supply for domestic purposes. Such water therefore would 
be eminently unsafe for potable purposes and should be at once condemned. 

That unless contrary evidence is furnished, the proposed new sources 
of supply are too near to the mouth of the river and to Calcutta, and 
consequently that it is strongly desirable that the extension of the water 
supply should bo carried out on the same principle as formerly, and that 
the water should always be collected at Pultah, and not at the other points 
which have been suggested. 
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IX.— On the Zoological Position of the Bharal, or Blue-Sheep , of 
Tibet. — By R. Lyukkkeb, B. A. 

(Received Jan. 4th ;—Read Fyb. 4th, 1880.) 

The Bharal or Blue-Sheep of the Tibetan region is one of those animals 
which are peculiarly interesting, and at the same time peculiarly puzzling, 
to the naturalist, on account of its presenting allinitics to two distinct 
groups of animals, whoreby the determination of its position in the zoolo¬ 
gical scale is a matter of some considerably difficulty. 

• As 1 shall show below, the bharal presents points of resemblance both 
to the sheep and the goats, and this intermediate character of the animal 
seems to have been the cause of considerable diversity of opinion among 
naturalists, as to what genus the animal should be referred. The late Mr. 
Bryan Hodgson, in the Society’s Journal,* proposed the generic naino 
Pseudo is for the bharal. Mr. Hodgson, however, together with the lato 
Mr. Blyth, thought that there were two species of the genus, to which 
were given the names. P. nahura and P.harhal. The latter writer, how¬ 
ever, according to the late Dr. Jordon, seems finally to have come to tho 
conclusion, that there was only one species of the genus, known as P. nahura. 
The late Dr. Gray, and, I believe, all subsequent writers, *liave adopted tho 
view of there being but one species of bharal. Hodgson’s generic distinc¬ 
tion was adopted by Dr. Gray.f The late M£ II. N. Turner, J however, and 
Mr. W. T. Blanford,§ class the bharal in the genus Ovis, though *tho last 
named writer does not give his reasons for so doing. 

In the present paper, I shall notice certain points in the osteology of 
this animal, which indicate its close relationship to tho goats, and which, I 
venture to think, are sufficient to confirm its generic distinction from Oris. 

• Mr. Hodgson, in his above quoted paper, first jxunted out that the 
bharal differed from all the true sheep in having no “ eye-pits,” but did not 
point out that tho absence of these “ eye-pits” was a character common to 
the bharal and the goats. || 

The so-called “ eye-pits” arc the depressions which occur in the lachry¬ 
mal bones of many ruminants for the gland known as the “ larmier.” In 
all the true sheep, the lachrymal bone has a very considerable larmial 
depression, and the greater part of the outer surface of that bone is placed 

* J. A. S. B., Vol. xvi, p. 702. 

f Cat. of Mammalia in Brit. Mus. Pt. iii, p. 177, 1852. 

J “ Scientific Results of 2nd Yarkund Mission,” Mammalia, p. 86, Calcutta, 1874. 

• § Pro. Zool. Soc. Lon. 1850, p. 176. 

|| I exclude the genus Ncmorhacdua from the goats. 
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more or less nearly at right angles to the surface of the frontals ; the suturo 
connecting the lachrymal with the maxilla is placed in advance of the 
suture between the maxilla and the malar. In the goats, the outer surface 
of tho lachrymal has no larmial depression, and the greater part of such 
surface is continuous with the plane of the frontals ; the laehry mo-maxilla¬ 
ry and malo-maxillary sutures are in one oblique line. In the bharal, there 
is likewise no larmial depression on tho lachrymal and the outer surface of 
this bone slopes gradually away from the piano of the frontals ; while the 
Iachrymo-maxillary suture is only slightly in advance of the malo-maxillary 
suture. In the form and relations of the lachrymal, therefore, the bharal 
is decidedly much nearer to tho goats than to the sheep. 

Tho next most important caprine character presented by the bharal 
skull, is in the basioccipital. In the true goats this bone is oblong in shapo, 
with a pair of tubercles at tho posterior and anterior extremities ; of these, 
the posterior pair are considerably the larger and more prominent, but both 
are situated on the same antoro-posterior line. In tho true sheep, on the 
other hand, the basioccipital is always considerably wider in front than 
behind, while the anterior pair of tubercles aro much larger than the poste¬ 
rior, and aro placed wider apart. The basioccipital of tho bharal agrees 
oxactly with the basioccipital of the goats, and is, consequently, widely 
different from this part in tho sheep. , 

In tho form of its'lower jaw, the bharal agrees with the sheep, and 
differs from the goats.* # ^ 

In jbho structure of its horns, the bharal again presents caprine affini¬ 
ties. In the true sheep the horns are always thrown into parallel transverse 
wrinkles extending completely round the horns ; the colour of tho horns is 
light brown, or greenish brown, and the direction of the extremity of the 
first curve is always downwards and forwards. 

In the goats, on the other hand, tho horns are never thrown into coarse 
and parallel transverse wrinkles, but aro marked by liner stria}, and may or 
may not carry knobs anteriorly. Their colour is dark blackish brown : they 
are always more or less angulatcd ; and the extremity of the first curve is 
directed backwards and upwards. ,, 

In the bharal, the structure and colour of the horns is the same as in 
the goats ; the extremities of the horns are directed backwards and upwards ; 
their angulation is loss marked than in the goats. The horns of tho bharal 
are indeed directed more outwards than those of the goats, and in this re¬ 
spect they present some points of resemblance to the sheep; the upward 
twist of their extremities, however, shows an approximation to the curved 
horn of the Markhoor and is quite different from the curve of any sheep’s 
horn. 
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The profile of many goats, like the Ibex, is markedly concave; in 
othei'S, however, as the Thar, it is nearly straight; the profile is also nearly 
straight in the sheep and bharal, and wo cannot, therefore, draw any clussi- 
ficatory inference from this character. 

In other cranial characters, there do not*seem to bo any well marked 
distinction^ between sheep and goats. It, therefore, seems pretty evident 
that as far as cranial characters go, the bharal undoubtedly much more 
closely related to the goats than to the sheep. 

The bharal i . however, externally distinguished from the goats, by 
i. absence of any odour or any trace of .. beard or mane in the males 
There are fect-pits (interdigital pores) in all the feet of the bharal, in which 
respect it agrees with the sheep, and differs from 1 he goats, in which these 
pits are either absent (Ilcmilragm), or present only in the fore feet 
{Capra) The tail, according to Mr. Hodgson, is unlike that of the sheep. 

From the above comparisons it will be seen that in the ostcologieal 
characters of the head, the bharal is nearer the goats than the slice]), while 
in its external characters it is nearer to the sheep. The cranial charactci’s 
pointed out above appear to me to bo of such importance as to preclude 
classing the bharal in the genus Ovis, and I accordingly think that Mr. 
Ilodgson’s genus Pscudois should be retained for its reception. The ani¬ 
mal most certainly forms a very closely connecting Jink between the genera 
Capra and Oris, and it seems to be very difficult to «!ay to which it is xnost 
nearly related. 
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X.— Description of n new Species of Diurnal Lepidoptera'telonginq to the 
Genus Ilebomoia. — By J. Wood-Mason. 

The beautiful insect described below has been recently received by the 
Indian Museum from the Andaman Islands, where it was obtained by Mr. 
A. dc ltoepstorff, after whom i have named it. 

IIeBOMOIA liOEPSTOBFII, n. sp. 

$. Differs from JT. qlaucippe, the only species of the genus with 
Which I have been able, to compare it, on the upper side, in having the 
apical orange patch of the fore-wing larger, extended into the cell, and less 
broadly bordered with black, both internally and externally the submar¬ 
ginal black spots smaller and completely isolated from the black ot the outer 
margin; the fore-wing at the posterior angle tinged, and the hind-wing 
externally broadly bordered, with bright sulphur-yellow, which colour is 
shaded off into the cream-colour of the rest of both wings; and the outer 
margin of the hind-wing narrowly edged with black, which gradually 
broadens from the anal to the anterior angle and extends inwards in points 
at the veins :—and, on the under side, in having the brown mottling of the 
•foro-wing arranged in the form of a tolerably conspicuous band- coin¬ 
cident with the maculal- band of the upper side ; and the ground-colour of 
the hind,wing, as also that of the mottled portion of the fore-wing, of a 
•rich golden-lutoous colour. 

Expanse 3 5 inches. 

Hab. S. Andaman. 

The place of this species would seem to be between II. vossii, (Mait¬ 
land) and II. sulphurca, Wallace. 
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„ (With Plato VII.) 

A roccnt examination of the dentition of the Qne series of skulls of 
Bhinoceros indicus contained in tho collection of the Indian Museum, 
has brought to my notice several very interesting facts in regard to the de¬ 
velopment and serial homology of certain of the teeth of that and othor 
species which I have thought of sufficient importance to bo put ou re¬ 
cord, whence the following notes have been penned. My remarks will 
mainly refer to the dentition of lthinoceros indicus, but some points 
relating to that of other species oE the genus will be incidentally referred 
to in tho course of the paper. 

To illustrate my subject, I have had lithographed (through the cour¬ 
tesy of Mr. J. Wood-Mason) the left upper dentition of two adolescent 
skulls of B. indicus , from the collection of the Indian Museum, each of 
which is lemarkable for an abnormality. The dentition exhibited in fig. I 
of the accompanying plate belongs to a young animal, and comprises two 
incisors (i. 1 , i.' 2 ), the milk-molar scries (m.m. 1 to m.m. 1 ), and the true molars 
(m. 1 to the last of which is still in its alveolus. The second specimen 
(fig. 2) belongs to a somewhat older animal, and exhibits the alveolus of an 
incisor (i. 1 ), two premolars (p.m. 1 , p.m. 2 ), two milk-molars (m.m. 9 , m.m .*), 
and the three true molars (w. 1 to m. 9 ), the last of this scries, in this in¬ 
stance also, not having yet cut the gum. The grounds on which these 
teeth are assigned to their respective serial positions will be found in the 
sequel. • 
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The true molars (in. 1 , m. 2 , m. s ) in all species of Bhinoceros, whether 
living or extinct, arc invariably three in number, corresponding with the 
typical mammalian series, and, therefore, require no further notice on this 
occasion. In advance of the first of the three true molars, 'here occur, in 
all young skulls of Bkinocerqs, four teeth in serial apposition, but in older 
skulls there may be only three. It is to these anterior teeth of the milk- 
molar and premolar series (the one or the other present, according to the 
age of the animal) to which I now desire to draw attention. 

An examination of the skull of which the left dentition is drawn in 
fig. 1, shows that, of the four teeth ( m.m. 1 , m.m. 2 , m.m. 2 , m.m .*) in advance 
of the first true molar (j/ 2 . 1 ), the three last (m.m, 2 , m.m. 2 , m.m. l ) have 
their fangs and bases absorbed away by the germs of other teeth, which are 
succeeding them from above : there can, therefore, bo no doubt that these 
three teeth are the three last milk-molars of the typical scries. This is 
also shown by the last tooth of tho anterior series (m.m.*) being more 
worn than the first of the true molar series (m. 1 ) : if the tooth preceding 
the latter wero a premolar, it would be the less worn of the two. The first 
tooth of tho whole series (m.m. 1 ) shows, however, no signs of being about 
to be replaced by a vertically succeeding premolar. I have carefully 
examined another skull of the same age, in which the alveoli of the teeth 
havo been opened, and I can find there no trace of a replacing prcmolar 
above the first of the seven teeth of the molar series. Were this tbolh to 
be replaced by a premolar, such replacement would take place before that 
of the tooth next in the scries. Several other adolescent skulls of It. indi- 
ens which I havo examined show no trace of the replacement of the anterior 
tooth, and it may, therefore, be considered to be proved that in many 
instances no such replacement ever takes place. 

From tho development of the tooth in question with tho milk-molar 
series (though it sometimes appears rather later than the next tooth), 
there would seem to be no doubt that it is the first of that series, and' I 
shall show below that such is undoubtedly the case. From the fact of 
this tooth having in most instances no vertical successor and persisting 
for a considerable time during the period of use of the permanent denti¬ 
tion, it is not unfrequontly referred to as the first premolar, and though, 
as I shall show, such a nomenclature is altogether inaccurate, yet it has a 
certain amount of convenience which may justify its conditional use. 

The dentition drawn in fig. 2 also exhibits four teeth in front of the 
first true molar (m. 1 ), but they are not all homologous with those in the 
preceding specimen. The two teeth (m.m. 2 , m.m . 4 ) in advance of the first 
true molar (m. 1 ) in fig. 2 are more worn than the former, and will conse¬ 
quently be the third aud fourth milk-molars, or the homologues of the 
Corresponding teeth in fig. 1. The first and second teeth (p.m.\ p.*w. 2 ), 
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however, in fig. 2 are still in germ, and as being totally unworn must be 
of a later development than the third and fourth milk-molars : consequent¬ 
ly, the formei must be the first and second promolars, which have replaced 
the first an< second milk-molars. In this instance, therefore, the first 
milk-molar, which, as we have seen, is normally persistant, has been re¬ 
placed by a vertically succeeding promolar, from which replacement there can 
be no question as to tho correctness of the serial position assigned to the 
former tooth. The replacing premolar (Tig. 2, p.m. 1 ,) is of considerably 
larger size and more complex structure than the replaced milk-molar 
(fig. 1 , m.m. 1 ). 

Tn the lower jaws of all tho skulk of Tt. indicia which havo come 
under my notice, I cannot find any instance of tl»e vertical replacement of 
tho first milk-molar, which generally persists until the permanent dentition 
is well in wear, and subsequently falls out at a comparatively early period. 
Neither can I find any instance of the replacement of the first milk-molar 
of either jaw in R. sumotrnisis ( sumntranm ) or It. javnniciw (sondnious). 

The formula of the molar dentition of It. indicia, taking into account 
tho abnormal form, may be written as follows:— m.m. — ^ 

* 4— h *• 


a —a 


1—3 
3 


4 /*. 5—5; the adult molar dentition of tho normal form, m.m. 1 p.m. 5— 

ii—l - *1 iJ—J 

on. 5^5 : and of the abnormal'form, m.m. p.m. ppm. 'pA 

The*succession and homology of the anterior to©th of tho molar series 
appears to have given rise to a certain amount of confusion among natura¬ 
lists. Thus Professor Iluxley when treating of tho dentition of the genus 
Rhinoceros , observes:* “Of the four milk-molars, the first, as in the 
Ilorso, is smaller than tho others, and is not replaced two pages back in 
the same work, however, the Professor gives the formula of tho preraolars 
as which would imply either that the first tooth of the molar series 

f§ replaced, or else that it is reckoned as a premolar, in which case there 
would bo only three milk-molars.f Professor Owen appears to have como 
to a conclusion totally opposite to that of Professor Huxley, aud seems to 
consider JJiat the first millc-molar is always replaced. Thus on page 592 
of his * Odontography’ the Professor observes that “ tho first of tho 


• ‘ Anatomy of Vortebrated Animals,’ p. 3G2. 

t In a work explanatory of tho homology of the tooth, as is Professor Huxley's, 
there can bo no doubt that this homology should bo given with tho most strict accu¬ 
racy. In descriptivo zoology and paleontology, however, it will still bo convenient, 
in referring to the dentition of tho genus lihinoceroa, to count tho first milk-molar, when 
persistent, as a premolar, in order to avoid introducing another term into the dental 
scries. The same conventional arrangement may he adopted in regard to the perma¬ 
nent and milk-incisers, referred to below. 
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permanent series of seven molar teeth is very small in both jaws, and is 
soon shed and again on pago 599, “ the first milk-molar soon yields 
place to the first premolar.” The above given instances of the dentition 
of jU. indicus show that this view cannot be normally correct: the difference 
in the form of the first uppe$ milk-molar (m.md) and ohe first pro molar 
(p.md) shows, in cases where the former tooth persists, that it cannot be 
a premolar which has supplanted a milk-molar in uten , as might otherwise 
be the explanation according U, Professor Owen’s views. 

I now come to the consideration of the non-molar dentition, and shall 
first treat of the teeth of the upper and secondly of the lower jav\ 

According to Professor Owen, A there is developed in the fuetal skull 
of It. indicus, immediately behind the maxillo-promaxillary suture, a very 
small tooth, which, from its position must be the milk-canine : this tooth 
disappears at an extremely early age, and no permanent .uicecssor is ever 
developed. I can find no record of an upper canine ever having V r„ 
observed in the foetus of any other species of the genus, and no permanent 
upper canine occurs in any species. 

In a very young skull of 12. indicus, figured by Cuvier,t there appeal 
in the premaxilla the alveoli of two teeth, which must be those of the first 
and second milk-incisors. Two, indeed, appear to bo the normal num¬ 
ber of upper milk-incisors developed in the genus, though Professor 
Huxley J speaks of there being three on either side in some species. § 

Normally, in 22. indicus there is only one permanent incisor developed, 
succeeding the first (innermost) milk-incisor; the former tooth is easily 
recognized by its lateral elongation. Occasionally, however, as in the skull 
of which the left upper dentition is represented in fig. 1, a second upper 
incisor (». 2 ) is developed, replacing the second milk-incisor. In the figured 
specimen, the two incisors (id, i.~) are still in the condition of germs just 
protruding from their alveoli; from the condition of wear of the molar 
series it is quite evident that the two incisors belong to the second seriol, 
which is also shown by the characteristic form of the innermost (*. 1 ) ; the 
second incisor (*. 2 ) is not lengthened laterally liko the first. In the right 
premaxilla of the same skull, only the first incisor is developed.^ Another 
instance of the development of the second incisor of one side of the upper 
jaw is afforded by the skull belonging to a mounted skeleton of an old 
individual of It. indicus in the Indian Museum, in which all the teeth of 
the permanent series are much worn. In the right premaxilla of that skull 

* * Odontography,’ p. 592. 

f ‘ Ossemens fossiles,’ Ed. 1836. Atlas, pi. xliii, fig. 3. 

X Loo. cit. p. 362. 

J 1 am not aware which species is referred to. 
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there occur two large and well-worn permanent incisors not differing to 
such an extent in si*e as do those of the figured specimen. No trace of a 
second incisor is to bo found in the left premaxilla, and I cannot, indeed, 
find any instance of the development of the two upper incisors of both 
sides in the same individual of JR. indicus. .The occasional development 
on one sble only of the second permanent incisor in the last-named species, 
would seem to be a pretty clear indication that it is descended from an 
ancestor in which two pairs of upper incisor were normally present. It 
seems, indeed, that, when teeth normally absent do present themselves, 
they usua’L) appear only on one side, ns in the instance of the lower jaw of 
a tiger with an extra premolar, described by myself in a former volume of 
the (Society’s Journal.* • 

In all species of the gpnus, the normal number of permanent upper 
incisors (if airy arc present) appears to be one only on cither side, and I 
h. \ not come across any instance of the abnormal development of the 
second upper incisor in any species but 11. indicus. It may not improba¬ 
bly be, however, that such abnormal development may occur in other 
species. 

It has, indeed, been stated on the authority of tho late Dr. Falconcrf 
^fclfat |hc extinct Indian It. sivalcmis was furnished with throe pairs of 
upper^and lower) permanent incisors ; none of the numerous specimens of 
the sku\J of this species figured in the ‘ Fauna Anti qua Sivalensis,’ how¬ 
ever, exhibit any incisors at all *and we have, therefore, no tangible evidence 
whatever to support tho new genus Zulahis lately proposed by Professor 
Cope J for the reception of this species on tho ground of tho unusual 
number of incisors with which it was provided. 

Turning now to the lower jaw, we shall find that there is some consi¬ 
derable difiiculty in arriving at a satisfactory conclusion as to the homo¬ 
logies of the teeth in advance of the molar series. 

* In JR. indicus , there normally exist in the young animal an inner pair 
of very small conical teeth, and an outer pair of larger teeth. The outer 
pair are succeeded from below by a pair of much larger triangular and pointed 
teeth, which, therefore, evidently belong to the permanent series. Normally, 
I believe, the inner pair are not succeeded by permanent teeth, as I can 
find no trace of such in most lower jaws ; in the lower jaw of tho skull 
drawn in fig. I, however, there occurs, a little above and internal to the 
middle pair of teeth, a second pair of small teeth, which are less protruded 
from the jaw, and which, I think, certainly belong to the second dentition. 


* Vol. xlvii, pt. ii, pi. 2. 
f Owen, loc. cit. p. £89. 

X Bui. U. S. Geol. Geog. Surv. Vol. v, p. 229. 



140 


R. Lydokker —Notes on the Dentition o/* Rhinoceros. [No. 3, 

k 

We may, therefore, say that in It. indicue there are always developed in 
the symphysis of tho mandible two pairs of milk-teeth, and always one, and 
occasionally two pairs of permanent teeth. When the middle pair of 
milk-tooth are not replaced, they remain during tho permanent dentition» 
as in tho analogous case of the first upper milk-molar. 

It now remains to consider tho serial position of tho teeth in question. 
With regard to tho middle pair of tooth, there can be no question but that 
they are incisors, and probably the first of that series. With regard to 
the homology of the larger outer pair of teeth, two views are entertained. 
By the older writers, this pair of teeth were unhesitatingly classed ay- 
incisors ; a view adopted both by Prof. Huxley and by Prof. Owen. Lat¬ 
terly, however, some wfiters, among whom may be mentioned Professors 
Cope* and Qaudry,+ have come to tho conclusion that this outer pair of teeth 
aro really canines, apparently from their resemblance to the undoubted 
canines of certain gonora of extinct Mammals. To distinguish between a 
canine and an incisor tooth in the lower jaws of animals in which tho 
incisors are reduced and no upper canine is present, is indeed a matter of 
extreme difficulty, and I do not desire on the present occasion to enter into 
tho reasons either for or against the innovation. 1 provisionally, however, 
adopt the old nomenclature. J With this view of the homology of tub 
teeth in questiorf, tho anterior milk dentition of It. indicus may be formu- 

lited as follows:— c. ~ i, tho adult dentition will be normally c. — 

o—o a —2 4 J o—o 

• 0—0 • X *—1 i 0—0 ■ 2—2 

iZi 4 - izp or abnormally c. — i. ^ 

In treating of tho milk dentition of Ithinoceros, Professor Huxley § 
remarks of the two pairs of lower incisors that “ it seems probable that 
only one pair, in any case , are permanent teeth.” I have- shown that 
occasionally in 12. indicus both pairs may be replaced by permanent teeth, 
and I now proceed to show that such is at all events sometimes the case in 
another species. In a lower jaw of li. javanicus figured by De Plain ville,^ 
there aro the germs of two incisors on each side in alceolo , below protruded 
incisors; tho former, therefore, are clearly permanent teeth. I have no 
moans of knowing whether this replacement is abnormal or normal. In 

* Loo. cit. 

f ‘ Lea Enchaincmcnts du Hondo Animal: Mammifbres Tertinries,' p. 50, et aeq. 

J I may perhaps observe that there seems to bo some discrepancy in M. Gnudry's 
nomenclature, since on page 58 of his work quoted above, ho speaks of there being two 
pairs of small incisors in the lower jaw of R. bicornis (afrieama ), and yet does not pro¬ 
duce any evidonco to show that these teeth are not tho homologucs of the two pair of 
teeth in tho mandiblo of R. indicus, which arc reckoned as incisors and canines. 

$ Loc. cit. p. 362. 

|1 1 Ostoographie/ Atlas, Rhinoceros, pi. viii. 
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R. sumatrensis, there is in the adult state no median pair of lower 
incisors,* and it is, therefore, probablo that permanent middle lower 
incisors are never developed in this species.f 

In the living African species of Rhinoceros , in the extinct Indian 
R. deccanensis , and other extinct species, no permanent incisors, in either jaw, 
were ever developed, and in the adult the symphysis of the mandible and 
the premaxilla) are consequently edentulous. It has been said that three 
pair of lower incisors wore developed in 11. sionlcnsis , but none of the 
lower jaws of the genus figured in the ‘ Fauna Ant. Siv.’ show more than 
two pairs of these teeth, and none are present in the specimen referred to 
72. sii'itlensis. 

• From the foregoing brief notes it will be gathered that the dental 
system of the genus Rhinoceros presents very considerable differences in 
different species, and occasionally in different individuals of the same 
species. These differences are mainly due to the varying extent to which 
specialization has operated in the genus, and to the occasional develop¬ 
ment by ‘ reversion’ of teeth normally absent. 

The genus Rhinoceros (using the term in its original comprehensive 
sense) is indeed one of those in which the dental system may bo said to bo 
_iq condition of change, and this variability in the matter of the dovelop- 
meil^or suppresion of certain teeth in species and individuals, appears to mo 
to render the splitting up of the old genus into a number of new genera 
or subg&iera (except in the # case of Acnrothcrium) a very questionutiH 
measure. The relative prominence or insignificance of the anterior teeth 
may be traced in a graduated scale from one species to anothor as has been 
most ably done by M. Gaudry in his invaluable work already quoted in 
this paper. 

Explanation of Plate VII. 

0 ' k Fig. 1. The left upper dentition of an immaturo specimen of It. indicus, showing 
.the germs of two permanont incisors (t. 1 , ». 2 ), four milk-molars (mum. 1 , »».»«.*, m.tn. 9 , 
ni.m.*), first and second true molars (im. 1 , mi. 2 ), and the alveolus of tho third (wi. 3 ). 
(The animal to which this skull belonged was killed by Mr. W. T. lilanfoid.) 

Fig. 2^ The loft upper dentition of a somewhat older individual of tho same spe¬ 
cies, showing the alveolus of tho first permanent incisor (».■), tho first and second pro¬ 
molars (p.m.\ p.wi. 2 ), the third and fourth milk-molars (m.m. 3 , m.m/), the first and 
Bccond true molars (mi. 1 , mi. 2 ), and tho alveolus of the third (mi. 3 ). 

Both specimens aro drawn one half the natural fiizo. 


* Professor Cope (loc. cit. p. 229) is in error when he gives two pairs of winnd; . 
bular teeth to this specios. 

f I should doubt if tho lower jaw drawn in fig. Id of plate 138 of Owen's 
1 Odontography’ as of It. sumatrensis belongs to that species. 



142 


W. T. Blanford —On a new Species of Trochaloptcrum. [No. 3, 


XII.— On a Species of Trochalopterum from Travancore. 

By W. T. Blanford, F. It. S. 

(Received Sept. 2nd;—Read November 3rd, 1880.) 

A very interesting serie# of bird-skins obtained in Southern Travan- 
coro has recently boon brought to England by Mr. F. W. Bourdillon. 
Collections previously made by the same gentleman in the locality named 
have been described by Mr. llumo in Stray Feathers, Vol. IV, p. 351, and 
Vol. VII, p. 33. One of tho species noticed in the second paper is Trocha - 
loptcrum fairbanki, a bird originally obtained by Mr. S. Fairbank on the 
Palni hills, about 100 miles north of the range, east of Trcvandrum,, on 
which Mr. Bourdillon’s skir.s were collected. Mr. Ilume, 1. c. p. 37, points 
out some differences between the Travancore and Palni forms, but remarks 
that he has not a sufficient scries to determine whether these differences 
are constant. 

In the collection now brought are three skins of the Travancore 
Trochaloptcrum , and on comparing them with the original type of 
T. fairbanlci in the British Museum, I find, besides the differences noticed 1 by 
Mr. Hume, a few other distinctions, sufficient, 1 think, to justify a separate 
title being bestowed on the Travancore bird. The following is a fuW 'de¬ 
scription of the fattor. • / 

jfc • - 

TllOCIIALOPTEItUM ME RIOT ON ALE, sp. 110V. 

T. Troclialoptero fairbanki paraffine, sod dorso griscsccnte, ab do mine 
medio albo, supercilio albo baud post oculum producto, regione postoculari 
grisea nec fusca, rostroque robustiore distinguendum: pileo brunneo , dorso 
griseo-olimceo, posticc olivaceo, coloribns imnseuntibus ; supercilio brevi 
albo , loris brunneis , cum pileo concoloribus ; capitis lateribus cum regione 
parotica pallidc rufescenti-griscis, colli lateribus cinereis ; rectricibns 
remigibusque brunneis , ill is remigibusque secundariis ultimis sub obsolete 
iransfascialis ; mento , gula, atque pectore albcsccnti-griseis , conspicue 
fusco-strintis , media gula fere alba ; abdomine medio albido, lateribus 
cum pennis subcaudalibus tectricibusque inferioribus alarum Jbrrugineis, 
tibiis olivaceis ; rostro nigro , pedibus fuseis, iridibus saturate rujis. 

Long, iota exempli masculini 9, alio 3 5, caudie 3 6, tarsi 1*45, rostri 
a fronte 0 8, ejusdem a rictu 1, culminis 0 9 poll. Angl. 

Hab. In summis montibus provincial Travancore, ad extremitatem 
meridionalem peninsula Indian. 

Head above hair-brown, the feathers rather pale-shafted, the colour 
passing gradually into that of the back, which is greyish olive, becoming 
greener on the rump ; a very short white supcrcilium, only extending from 
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the'base of the bill to above the middle of the eye; lores the same colour 
as the crown ; sides of head, including the ear-coverts, gray, with a slight 
rufescent tinge; sides of neck purer grey; wing and tail-feathers brown 
with olivaceous margins, all the tail-feathers and the last (proximal) 
secondary quill-feathers with faintly marked myrow transverse bars on the 
upper surface ; chin, throat, and breast pale grey, with conspicuous dusky 
stria, the central portion of each feather being much darkor than the edges ; 
the middle of the throat is very pale, almost white, middle of abdomen 
white, lateral portions and flanks with the under tail-coverts and under 
wing-coverts ferruginous ; thigh-coverts olivaceous, lridos dark red,* bill 
black, legs dusky. 

c The three specimens were all shot at an elevation of 4000 feet. Two 
are from Mynall, one from the Travancore and Tinnevelly boundary. Two 
are males ; of the third, the sex has not been ascertained. The differences 
in measurement are trifling : the wing is 3 4 to 3 55 inches ; tail, 31< to 3 05 ; 
tarsus, 1*4 to 145 ; culmen, 0 9 to 0 - 95. The length is given by Mr. 
Bourdillon from 83 to 9* inches in different specimens. 

f. meridionals, is distinguished from T. fairbanki by (1) the much 
shorter white superciliary stripe terminating above the eye, whereas, in 
^Ff jmirbanJci, it extends back above the ear-coverts ; ( 2 ) by there being no 
brownmand behind the eye, the feathers immediately belli nit the eye being 
rufescent*grey like the cheeks in T. meridionals, whilst they are brown like ^ 
the lores and the crown in T. fairbanki ; (3) by the back and upper parts 
generally being much greyer and by the brown colour of the crown passing 
gradually into the olivaceous tinge of the back and not being separated by 
a distinct margin ; (4) by the tail-feathers being browner and more dis¬ 
tinctly transversely barred above ; (5) by the striation on the throat and 
breast being more strongly marked; ( 6 ) by the middle of the abdomen 
being white instead of ferruginousf ; and (7) by the rather stouter bill. I 
consider the differences marked 1, 2, and 3 characteristic; the others taken 
alone would scarcely justify the separation of the two forms. 

From T. jerdoni the present species may be known l>y the absence of 
a black ckin£, by the flanks and under tail-covcrts being rufous instead of 

* Noted by Mr. Bourdillon, as also are the dimensions taken in tho flesh. Tho 
length above quoted is from these measurements. 

f This may not be constant; I have an indistinct recollection of having seen a 
specimen of T. fairbanki with tho middle of the abdomen whitish, but I am not sure. 

| With reference to this distinction between T. jerdoni and tho two Southern 
forma T. fairbanki and T. meridionale , it is as woll to note that tho presence of a black 
chin ip the former is mentioned by Blyth in his original description J. A. S. B., 1851, 
zz, p. 622. 1 call attention to this distinction, as Mr. Hume has overlooked it in his 
note on the species (Stsay Feathers, vii, p. 86). 

19 
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olivaceous, and the middle of the abdomen white instead of rufous. It is 
greatly to be regretted that T.jerdoni has never been collected again, so 
far as can be judged by published accounts, since Jerdon first procured it.. 


XIII— On a new Species of Papilio from South India, with Remarks on 
the Species allied thereto.—By J. Wood-Mason, Officiating Superin¬ 
tendent, Indian Museum, and Professor of Comparative Anatomy 
and Zoology, Medical College, Calcutta. 

(Received Oct. 16thRead Nov. 3rd, 1880.) 


(With Plates Till and IX.) 

In December last, the Indian Museum received from Mr. F. W. Bour- 
ilillon of Trovandrum, a small collection of diurnal Lepidoptera, amongst 
vrhich was a much worn and tattered example of a female insect evidently 
closely allied to the North Indian P. Castor and to the Burmese P. Muhadeva, 
with the same sex of the latter of which it turned out on examination to 
agree in having the discal markings of the hind-wing confined to the 
median region of the organ, where they form a transverse band ofw’.iiiceo- 
late spots, instead of‘being diffused over the whole disk and extending into 
the cell, as in the former. 

About a month ago, r few species of butterflies were received from 
Mr. (5. II. Kearney of the Bcrkodcc Coffee Estate, Koppa Anche, Mysore, and 
amongst them is a fine specimen of the male, which proves that the species 
is, as the above-mentioned female specimen bad already indicated, more nearly 
related to P. Mahadcva than to P. Castor, and enables me to describe it. 


Papilio Dbavidauum, n. sp., PI. VIII, Fig. 1, S. 

Allied to P. Castor and to P. Muhadeva ,'f but more closely so to'the 
latter, with which it agrees in the form of the wings in both sexes. 

Sexes alike, having not only the same form of wings but also the 
same general type of coloration as the females of the Vvo described 
species; the hi ale differing from the female only in the darker and richer 
tints of its upper surface. 

S • Uppkksidk rich fuscous of a much lighter shade than in P. Cas¬ 
tor, or even than in P. Mahadi va, and more densely powdered with fulvous 
scales than in either. Anterior wing with the basal area of a richer and 
darker shade of brown than the rest of the organ; with four distinct 
longitudinal lines of fulvous scales in the cell, at the extremity of which is 
a minute but distinct cream-coloured speck; with the outer portion beyond 
* Moore, P. Z. S. 1878, p. 840, pi. li, fig. 1. 
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the cell very densely covered with fulvous scales between the veins; with 
a margin^ row of ochraceous-white spots placed at the incisures; and with 
a submarginal scries of nino conical or sublanceolate ochraceous ones; 
each series decreasing at either end and paling towards the costal margin. 
Posterior icing with the anterior third of ijjs surface devoid of fulvous 
scales; with the incisures of the outer margin very narrowly edged with 
ochraceous-white ; with a sub-marginal series of seven strongly and angu¬ 
larly curved lunules or arrow-shaped spots, the four posterior of which are 
ochraceous-white, and the throe apical ones cream-coloured; and with a 
discal band of seven extcrnally-dontate lanceolate cream-coloured spots all 
iiiorated with fuscous scales except the anterior two; with the cell and the 
parts of the wing-membrane external and internal, to it tolerably thickly 
sprinkled with fulvous scales. The wing-membrane being in both wings 
devoid of fulvous scales in the intervals between the sub-marginal and 
incisural markings presents the appearance of having a sub-marginal row of 
dark blotches. Undeusiuk less richly and deeply coloured, with the markings, 


especially the spot at the end of the cell, all slightly larger and white, with 
the exception of the diseal series of the hind-wing, which are tinged with 
cream-colour at their inner points; and with the fulvous scales similarly 
not quite so thickly distributed over the fore-wing, but evenly 
sprinBed .over the whole of the hind-wing. Body lighter .coloured than in 
P. Cusebr , but marked in identically the same manner. 

Length of fore-wing 2 - 2 ; vdienco expanse = 4 - 5inches. 

Hajb. Koppa Audio, Kadur District, Mysore, S. India, at about 2,500 
feet elevation. Obtained by Mr. G. H. Kearney. 

$. Marked above and below, spot for spot, as in the male, but 
lighter and less richly coloured, with the spot at the end of cell larger and 
apparently more distinctly visible on the upper side, and with all the 
. markings (except the sub-marginal series of the underside of the hiud- 
. \ttng, which are white) straw-coloured. 

Length of fore-wing 2 3 ; whence expanse = 4 7 inches. 

Hab. Trcvandrunx. Obtained by Mr. F. W. liourdillon. 

In tbe^nale of P. Dracidaram, there arc visible upon the upper surface 
of the fore-wing a spot at the end of the coll, a sub-marginal row of coni¬ 
cal or sub-lanceolate spots, and a marginal row of incisural spots; and upon 
that of the hind-wing a discal row of lanceolate spots, a sub-marginal series 
of lunules, aud incisural spots as in the fore-wing. 

In the male of the dai’kei*-coloured P. Mahadeva , the incisural spots 
of the fore-wing alone remain, but the hind-wing retains its three series of 
spots, which, however, are all smaller and apparently less clouded with 
dark scales than in the preceding species. 

In the fuscxyis-black male of P. Castor, the fore-wing may be said to 
be uniform black, the incisural spots, which alone remain, being so reduced 
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in size as to be barely visible, being, in fact, mere specks confined to the 
fringe; the hind-wing has lost all but the incisural specks Qyhich are 
similarly confined to the fringe) and the first three or four spots of the 
discal scries, which together form a large and conspicuous cream-coloured 
blotch divided by the veins: JP. Castor may, intact, be described as a rich 
dead-black insect with a conspicuous cream-coloured blotch near the outer 
angle of each hind-wing. 

In P. Castor, then, the sexes are, as regards colour and markings, as 
strongly differentiated from one another as in any species with which 
I am acquainted; they also differ to some extent in form, the male 
having the fore-wing narrower, with the external margin obviously omar- 
ginate, and the hind-wing also narrower and produced, with the same margin 
more deeply incised and lobed than in the female, both pairs of whose wings 
in form more or less closely* resemble those of both sexes in the other two 
species. 

In P. Mahadeva, the sexes are also tolerably well, though not so con¬ 
spicuously, differentiated in point of colour and markings as in P. Castor , 
but not at all in form, the wings being of the same shape in both sexes. 

In P. JDravidarum, the sexes agree perfectly both in form of wings and 
markings, differing very slightly in colour only ; so that but littlo s<^aui>I 
differentiation has here taken place. / 

The female of P.* Dravidunim is scarcely distinguishable, as far as one 
can tell from a description alone, from <that of P. Mahadeva,' the only 
differences that I can make out being that in the latter “ the fore-wings 
have very small and less distinct sub-marginal white spots, and no spot at 
the end of the coll.” From that of P. Oastor, however, it is readily distin¬ 
guished by having, as I have already pointed out, the discal markings of the 
hind-wing in the form of a transverse band of short lanceolate spots. 

At the meeting of the Linnsean Society of London held on the lS&tt 
March last, a paper by Prof. Westwood, on a supposed polymorphic butfje^ 
fly from India, was read. In this memoir the following conclusions are 
said (vide abstract in ‘Nature’ Vol. XXI, p. 531, April 1st, 1880) to have 
been arrived at by the author:—(L) “ That Papilio Castor is tty?male of a 
species whose 'females have not yet been discovered ; (2) that the typical 
P. Pollux are females of which the males with rounded hind-wings having 
a diffused row of markings has yet to be discovered; and (3) that the 
coloured figures given by the author represent the two sexes of a dimorphic 
form of the species.” 

* The females present an inconspiouous dimorphism, some having retained the 
primordial form of hind-wing, while others have the outer margin of this wing toothed 
as in the male {vide infra). 
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With regard to the last of these conclusions I cannot speak, because 
neither the paintings nor the specimens in question are accessible to ino; 
but, having spoken above as if the opposite sex of P. Castor were perfectly 
.well-known to naturalists, while, according to Prof. Westwood, it is still 
undiscovered, I ought perhaps to say a few words about the material on 
which my remarks are based. • 

Rap Hio Castor is restricted in its distribution to the slopes and valleys 
of the hill-ranges of North Eastern India and to the parts of the plains in 
immediate contiguity with them ; its place being taken elsewhere, as in 

Southern India, by the new species.described in the preceding pages, and, 
in Bur mall, by P. Mahadeva. The Indian Museum possesses specimens 
frsm the Southern slopes of the Kliasi Hills (Silhot), from the Sikkim 
Hills (Darjiling), Cherra Punji in the Kha»i ft ills, and the Naga Hills ; 
and three males were taken by Lieut.-Col. God win-Austen during (he 
Dafla Expedition; in these last, in a largo male from Cherra Punji, and in 
two specimens of the same sex from the Naga Hills the • upper surface is 
dark brown of a much lighter tint than in nine males recently received 
from Sikkim (2) and Silhet (7), which are all brown-black of so dark a shado 
as*to appear quite black except when a strong light falls upon them when 
.thei r colour appears brownish ; in fact, the brown of the former is to that of 
tneteatter series of specimens what dark green is to the colour known as 
“ invauble-green.” In the large Cherra Punji specimen, the short tooth, 
or rudimentary tail, into which the third branch (tf. 3 , pi. ix, fig. 1 ) of the 
median vein of the hind-wing is usually produced, does not extend beyond the 
line of the other lobes of the outer margin, and one of the three dwarfed 
. winter specimens* captured by Col. Austen approaches it in this respect; 
moreover, one of the Silhet specimens has this tooth smaller in one wing 
than in the other, so that this, like secondary sexual characters in general, 
,.js subject to variation. It is possibly to difference of station, but probably 
idi long exposure to the vicissitudes of the Calcutta climate, and to the 
.implications of benzine and other noxious substances to which they were 
subjected before I took over charge of the collection of Lepidoptera, that 
these brown specimens owe their lighter coloration. However this may be, 
it may confidently be asserted that it would be impossible for the most 
inveterate species-maker to discover any character by which to separate 
them as a distinct species or race from the fresh and consequently dark 
Sikkim and Silhet specimens. So much for the males. 

Of the nine females in the collection referred by me to P. Castor , 
seven being perfect can readily be divided into two sets according to the 
form of the outer margin of the hind-wing—three (one from Assam, one 

* The insect figured by Westwood (Arcana Entoxu. vol. ii, pL 80, fig. 2) fm nig to 
have been a similarly dwarfed and hided individual. 
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from Chcrra Punji,* and a large one from Silfaet) having the third branoh 
(f/. 3 , pi. viii, fig. 2) of the median vein not produced and the outer margin 
of the wing consequently ‘ rounder,’ being, in fact, typical P. Pollux— 
and four (two from Silhetf and two from SikkimJ) having that veinlet 
produced into a small tooth (d. s , pi. ix, fig. 2) as in the male. I consider 
that these two different forms are both females of P. Castor, and that the 
slight differences they present are explained on the supposition, warranted by 
numerous analogous facts in nature, that the secondary sexual characters ac¬ 
quired by the male have been partially transmitted to some femaltv but not tc- 
others (P. Pollux'), which have retained the primordial rounded form of wing. 

The fact that the discoidal markings of the hind-wing in the two Silhet 
females with toothed wings are lighter and more distinctly cream-coloured 
than in any of the females with rounded wings ; that the malform. speci¬ 
men from the same locality (which certainly belongs to the form with toothed 
hind-wings) has. these markings in the fourth, fifth, and sixth interspaces, 
those, that is to say, corresponding to the ones forming the principal part 
of the blotch in the male, of almost as rich and pure a colour as in that sex ; 
and that ono of the two former has the spot at the end of the cell and the 
submarginal markings of both fore-wings obsolete and is thus still further 
approximated to the male ; do certainly scorn to me to toll rather for th^ g 
against the above supposition. f , 

The Helenas- group 1 of Papilios, to which Papilio Castor and itsrallies 

* There is anothor specimen from Chcrra Pinyi, the largest of all m the collec¬ 
tion, wilh^ the outer margins of its hind wings so ragged that it is impossible to ho 
quito sure to which form it belongs, though, from its close agreement iu other respects 
with Westwood's liguro in the ‘ Arcana’ as well as with tho other insect Irdm the 
same locality, I should say it is a typical P Pollux. 

t There is a third specimen from Silhet in tho collection, takon at tho same time 
and place as the other two, but it unfortunately has tho hind-wings symmetrically mal¬ 
formed at their outor margins, the tliiid lobule ou each sido being short and angulated 
and tho fourth being somewhat longer than usual and also angulated. This malformatiou!- 
is interesting as showing in tho same specimen tho instability of this character, the- 
strong tendency to tho assumption of tho male form of wing exhibited in tho lengthen¬ 
ing of tho lobule next iu order, und the unmistakable 4 reversion’ to tho rouuded 
form of wing in the suppression of tho rudimentary tail. « 

It should ho mentioned that a gynandromorphous oxainplc of tho form of fomalo 
described by Prof. Westwood as P. Pollux has been figured aud described as P. 
Cnstor by G. Semper in Wien. Entom. Monatschr. 1863, Band vii, p. 281, Taf. 19. 
In this specimen both tho wings of tho left side are truly female, but on tho opposite 
side the posterior portion of the fore-wing from tho first discoidal veinlet to the inner 
margin on the upper side only, and the anterior portion of the hind-wing from the 
costal margin to tho second branch of the sub-costal on both sides, exhibit the masculine 
livery not unmingled with female characters (Cot{f. Westwood in Thcs. Ent. Oxon. 
p. 187). 

X The two Sikkim specimens have the tooth loss developed and the discal mark¬ 
ings of the hind-wings exactly like those of the other form (P. Pollux). 
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•unquestionably belong, taken as a whole, presents us with a remarkable scries 
of gradations in the amount of difference between the sexes, comprising as 
it does: one species (P. Dravidarum) in which the sexes closely resemble one 
another in the form of the wings and in colour and markings, and tlicro is only 
■an incipient sexual differentiation: another J^P. Mahadeva) in which, whilo 
agreeing in structure, they differ to a considerable extent in markings and 
colour, and the secondary sexual characters oE the male are much more 
pronounced: another (P. Castor) in which they differ from one another 
to such remarkable extent that no lesser an authority than Prof. 
Westwood originally described them nmier different names and still main¬ 
tains tlieii distinctness, and Mr. Wallace* placed them in different groups 
df the genus , the male having acquired the ng>st pronounced secondary 
sexua ■haraclors (including rudimentary tails), which have been partially 
transmitted to some females but not to others ; and the two forms of 
female having retained, one of them the form of wings, and both tho 
general style of colouring, characteristic of both sexes in the first- 
named species: and, finally, others (P. Ilelcnus, P. Chaon , etc.) in which 
tho male has perfectly transmitted to the opposite sex all the secondary 
sexual characters (including the long tails) that he had acquired, the female 
—differing from him in such trifling points as the lighter coloration of tho 
mjtr hjlf of both wings and the dingier shade of her upper surface generally. 

\’rom these and other facts, we are, I think, entitled to infer the pro- 
bablo descent of all the members of this group from an ancestor with 
tailless, rounded wings in both sexes, closely resembling P. Dravidarum, but 

* with diffused discal markings in the hind-wings and probably also in tho 
fore-wings ; the conspicuous wing-blotches of P. Helenas, P. Castor, etc., 
having apparently resulted from the concentration, so to speak, of such 
diffused colouring in the direction of tho breadth of the wing, just as have 
the diseal bands of short spots in P. Dravidarum and P. Mahadeva from 

* a similar process of modification in the opposite direction. 

* If his conclusions are correctly reported, Prof. Westwood’s draw¬ 
ings must represent a species different from either of those alluded to herein, 
and I lgpk forward with much interest to the appearance of his paper. 

Explanation of tub Plates. 

Plate VIII. 

Fig. 1. Papilio Dravidarum, W.-M., g, 

Fig. 2. Papilio Castor , Westw. § 2nd Form (P. Pollux , Wo stw.), from Silhot. 

Plato IX. 

Fig. 1. Papilio Castor, Westw. g, from Silhet. 

Fig. 2. -»- - ? 1st Form, from Silhet. 

d. z — third branch of the median vein. 


* In hia woll-known memoir ‘ On the Phenomena of Variation and Geographical 
Distribution as illustrated by the Fapilionida of tho Malayan Region’ in Trans. T.inr» 
Soc. Lond., vol. xxv, pp. 33, 34. 
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XIV .—Description of the Female of Hebomoia Roepstorffii. 
By J. Wood-Mason. 

t 

(Received October 27;—Read November 3rd, 1880.) 
Hebomqta Roepstorffii. 


II. Roepstorffii, Wood-Mason, antoa, p 134, 

?. Uppebside. Fore-wing with the orange patch devoid of amethys¬ 
tine gloss, externally more broadly bordered with fuscous (which at, each 
veinlet gives off inwards an angular process the extremity of which 'is 
continued on as a very narrow edging to each side of the veinlet), but inter¬ 
nally much less distinctly so than in the male ; with the cell more clouded 
with dark scales; and with the sulphur-colour at the inner angle more 
diffused. Hind-wing with a marginal row of large subtriangular fuscous 
spots placed upon the veinlots from the first subcostal to the first median 
(the two last obsolete), decreasing from the second in the direction pf 
the anal angle, and connected together at the extreme margin of the wing 
by a narrow edging of the same colour, which extends to the anal anedp<^~'‘ 
with a submargiuu) scries of six roundish spots, similarly decreasing fhm 
the first, and alternating with those of the marginal scries, each "being 
placed upon a fold, the first and largest on the* fold between the costa and the 
first branch of the subcostal, and the last on that between the first and 
second median veinlets; and with the sulphur-colour around the four inter¬ 
mediate submarginal spots stained with orango. Underside of both wings 
paler. ^ 

Length of fore-wing 1*7 ; whenco expanse = 3*5 inches. 

Hab. South Andaman. 

Described from a specimen in the collection of Captain G. F. L. 1 • 
Marshall, R. E., who courteously offered me the loan of the insect for 
description as soon as he had seen the description of the male published in 
the last number of this Journal. « 

~ In Captain Marshall’s specimen of the male the submarginal spots 
of the fore-wing are obsolete. 
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XV.— Notes on and Drawings of the Animals of various Indian Land 
Mollusca (Pulmonifera). — By Lieut.-Col. H. H. Godwin-Austen, 
F.' R. S., P. Z. S., &c. 

(Received July 16th;— Road Nov. 3rd, 1880.) 

(With Plates X anti XI.) 

Previous to his appointment to the Yarkand Mission, Dr. F. Stoliczka 
had been work a. j for some years at the animals of the Indian land Mol¬ 
lusca, and had enriched this Journal with m.uiy valuable papers. Among 
the numerous MSS. he left behind him in Calcutta, there were found, after his 
death, some m; ry excellent drawings that had been made under his superin- 
tendanee from the living animals; they had been drawn on scattered 
sheets of paper, and remarks on the colour and other characters of the soft 
parts had been made in pencil on the margins, which were fast becoming 
illegible. I, therefore, with the concurrence of Dr. J. Anderson, pasted 
these interesting drawings into a scrap-book* and copied into it, as well 
as I was able to decipher them, the names, localities, and remarks noted. 

.As it may bo some years before many of these species are obtained 
again by any naturalist witji the means or talent to correctly draw them, 
"54..'^ thought that lithographed copies published in this Journal would not 
only preserving, but in a measure carrying out the weak of so good an 
observer, and would be of use to those in India who are interested in the 
land-shells of the country. These is an immense amount of work to bo done 
in this particular branch of Natural History. We know as yet ve»y little 
of the relationship of the many species, especially among tho Zonitidoe 
(Semper) ; the anatomy of most of them has never been examined, and, until 
this is done, or at least more careful descriptions £ml sketches of the out¬ 
ward form of the animals are made, our attempts at a satisfactory classifica¬ 
tion must fail. 

■ “ I have to each species figured given Stoliczka’s remarks and identifica¬ 
tions in full, and added a fow notes extracted from my field-book wherever 
I could do so, and I also distinguish a few identifications by Messrs. W. T. 
Blanford asri Geoffrey Nevill.. 

The plates that will be given contain species of the family Zonitidoe 
variously assigned to the genera Ariophanta, l£emiplecta,f Rhysota , Xestu, 
and Rotula; and one plate has been required for the Helicidce of such very 
different genera as JPlectopylis, Fruticicola, <fcc ; those of the genus Macro- 
chlamys, I have also copied, but as I am engaged on a paper treating of this 
group more in detail, which I propose to send to the Zoological Society of 
London, the plate will I hope appear in the Journal of that Socioty. 

* In the Library of tho Indian Museum, Calcutta. 
c f Ox ytea. 
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Genus ARIOPHANTA, Des Moulins. 

Bull. Soc. Bord. Ill, p. 227, (Nov. 1829). 

With plate giving three figures of shell and two of the animal from 
life ; type lavipes , Muller, Bombay. 

The description by Albers (Die Heliceen, p. (>'/., ' is as follows: 

** Testa sinistrorsa, umbilieata, tenuis, diaphana ; anfrau Himus angu- 
liitus vel carinatus ; 'pertura obliqua, lunaris, peristoma simplex, acutumr, 
marginc columellari reflexo” ; in the sub-genus, thus defined by shell alone, 


this writer places tho following species :— 

himalayana , Lea — interrupts, Bs. Bengal, 

lcevipes, Midi. * Bombay, 

retrorsa, Gould ( Hemiplecta , Sect. E of Theobald) Tavoy. 

jmins, Chem. M uacca. 

rumphii , v. d. Busch. Java. 

Adams adds to these:— 

ryssolcmma, Albers ( ? Thyreus , Bs.) Java ? 

trifasciata, (Jhemn, = hvvipes, var. MalAbar. 


and he figures Iccviprs, quoting M. E. Gray, Fig. Moll. Anjm. pi. 2S8 v jig- 
7, which is a tr^ee of Des Moulins’ original drawing (1. e.). ( ^ C 

TSlr. Geoffrey Ncvill, in his Hand-List of Shells in the Indian iiuseuAi 
Calcutta, adds to the*above :— v 

lajdlayana, 15s. Lower Bengal, 

kadapaensis, Nevill, Madras. 


nieobarica , Chemn. re-named, as it is not found in the Nicobar Islands. 

> 

cysis, Bs. Nilgiris. 

thyrous, Bs. 
intumescenB, W. T. Blf. 


Nilgiris. 
Bombay. 
South Cauara! 


immorita, W. T. Blf. (in coll. Beddome) 
near interrupta. 

cambojensis, Reeve Siam. 

rcynlis. Us. Borneo. 

— vittala , Adams and Reeve, (vide Adams. Gen. Moll. pi. lxxix, fig. 5, as 
Nanina ). 

bajadcra, Pfr. = ammonia , Valenciennes Bombay. 

Mr. "William Theobald (Cat. Land and Freshwater Shells of Brit. 
India) includes— 

auris, Pfr. (? cysis, Bs.) Kundah Hills, Madras. 

cyclotrema , Bs. Sumeysar Hills, North of Tirhbot. 

a true Helix belonging to the delibrata- group. t 
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foucola for foveata, Pfr. Java. 

Mr. Edgar Smith agrees with me, on a comparison of the species in tho 
British Museum, that this is rumphi, Mus. Cuming. 

saccata, Pfr. Tavoy. 

and this is ouh me young of relrorsa, Mus. tivm. 

Dr. C. S 7eis. Arch. Philip, p. 50, 1870), on tho character of 

the horn aim i. tail-gland and foot, place? One sinistral species (rumphi, 
v. Busch.) and the folio vying dcxtral sb< Us in the suh-gcuus:— 

martin>, 1 Tr. Sumatra. 

nrmorensis , Mull. 

,avail’,.!. Lamark . Java. 

-'oreg r ata , Mouss. (Ac sta) * Adonaro, near Timor# 

ttriato, Cra y{Nanina) Singapur. 

Hrofmca, Albers. Singapur. 

It is very unlikely that those last six specie's from the islands or tho 
Malay Archi]>elago have any very close relation strip to tho typical sinistral 
Bombay species leeriprs, although tho tail-gland does assimilate, and it 
wohld be better to keep them, as well as all the other species from tho 
,*801110 region, separate for the present, as nothing is yet known of the anatomy 
of thO Indian species. Only those purely Indian forms which 1 distinguish 
by antique type can be with certainly placed in this* sub-genus. 

Pfeiffer has also, besides typical forms and others (Zuits. 1S55) :— 
ammonia , Valenciennes, (sp. in Hrifc. Mus.) Ijabitat ? 

regal is, Bs., (I do not consider should be included.) Borneo. 

snnnio, Pfr. Habitat ? 

ampitUarioides, Reeve (Mus. Taylor == eg sis.) Nilgiris. 

linstedti , Pfr. (Mus. Cum.) Malacca, 

is closely allied to rumphi , but it is sharper keeled, and, if the latter should 
jft’ovo a true Ariophanta , it should also be included. 

Dos Moulins founded his genus bn the animal of a specimen which 
had been sent to him alive from the island of Elcphanla, Bombay, by 
M. Theophile Laterrade in March 1829. The mollusk lived some short 
time and two drawings of it were made. - Previous to this the shell only 
had been described by Muller. 

To M. Dos Moulins, therefore, belongs all the credit of first noticing 
and distinguishing the very distinct and large group of Asiatic Helices 
possessing a mucous pore at the extremity of the foot, and for which group 
so characterized he proposed the title PiiEBEPOBiE, placing the Bombay 
shell in his sub-genus Ariophanta. 

Dr. J. E. Gray four years afterwards, on the similar characters of 
another but very* distinct species, created the genus Hanina, for Asiatic 
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Helices o£ this type, and his genus was adopted by Adams and others, 
although Thos. Hutton first, and Benson afterwards, had pointed out the 
distinction in the sub-genus JHacrochlamys ; I do not, therefore, see how in 
fairness and by all rules of nomenclature Mr. Gray’s title can be adopted, as 
it has been, for the whole group (Indian and Malayan) of these Eastern 
Helices provided with a mucous poro which Des Moulins described so well 
and so accurately ; the latter saw at once the important differences such an 
organ implied in the general anatomy of the animal and understood its great 
value in classification, and ho shewed also its affinity in this respect to Arion 
by the title he gave it (vide, pp. 230, 235, where ho gives in full nie 
description of the animal, his remarks on which are well worthy of perusal). 

H. (Aiiiopiianta) lasvipes, Miill., var. tbifasciata, Chemn. 

PI. X, Fig. 3, 3«. 

H. leevipes , Miillor, Hist. Verm. 2, p. 22, no. 222. 

„ - . . • ■ Gmclin, Syst. Nat. p. 3616, no. 13. 

„ - — Chomnitz, Conch. 9, t. 108, fig. 916, 916. 

„ — sub-genus, J 'Micelle, 2nw group Aplostomos, 3me Sect, rubann&es. 

„ ■ 1 ■ ■ ■ Ftfrussac, Hist. Moll. pi. xcii, fig. 3 h 6. 

„ ■ — Fcrussac, Tabl. Syst. p. 41, no. 229. ' 

Sub-genus Ariophavta, Des Moulins, var. a. all white, without bands, from Island 
of Elephants; var. b, e. banded, from tho same locality (only this banded var, Jw/iJS-*”" 
data figured in tho*Conchy Ind. pi. cxxxi, fig. 4.) • • • 

The figures are t^ken from No. 57 a and 57 b of tho MSS. drawings 

representing specimens from Bombay. * 

«• 

Abiophanta iNTEimuPTA, Bs., PI. X, Fig. 1, la. 

Helix interrupla, Bs. Zool. Jour. Vol. V, p. 461, (1834), from Sikrigalli and on 
tho Jcllinghy river (tributary of tho Ganges). 

= Himalayana, Loa. 

These figures have been reproduced from No. 44 in MSS. in Ind. Mus. 
Library; the specimens from which the original drawings were made wCrd 
obtained in the Botanical Gardens, Calcutta. 

' 0 , 

Benson’s description of this last in above Journal applies to H. leevipes, 
but in his description of the animal, he says the excrements are “ voided 
from an opening in tho terminal and posterior part of tho foefcj instead of 
from tho foramen commune ” he must here evidently be mistaking the 
mucous gland for the anal orifice, although on tho previous page^(4CO), 
describing the genus Nanina, he shews that they are distinct openings. 

if.-Conch. Ind. Hanley, fig. 3, plate xxvii. Specimens from 

Faqirabunda, Jessoro District, are thus described in my note-book—“ The 
animal being of a pink colour the same tint is given to the shell, while black 
mottlings shew through the body whorl. The head is dark-coloured up to 
a well defined black line (extending from posterior part of the neck to 
below the oral tentacles), thence light-coloured with a pink tinge, which 
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is more intense near the extremity of the foot The mucous gland has the 
form of a long slit with a very small lobe above.” 

Helix (Ariophanta) latdlayana, Bs., Pl. X, Pig. 2. 

Ann. Nat. nisi. Ser. 2, Yol. 18, (1866) p. 263. 

The figure is a copy of fig. 30 of MSS. drawing of a specimen from 
Manbhum. 

Helix laidlayana , Bs. Hanley, Conch. Ind. PI. lviii, fig. 3, 4, 5 : 
figure 4, from Cuttack would appear to be a different species from fig. 3, 
C ' sa, which agrees with the original description, fig. 5. 

F. (Autopuanta) inttjmescens, vr m T. Blf. PI. X, Fig. 4. 

• J. A. S. B. 1806, p. 33, typo from Miihubleshwar, YTestrm Ghats of Hindustan. 

The figure is from fig. 17 of MSS. drawings and bears the following 
remark “AT. Canarica from Fairbank” [Stoliczka]. 

Mr. Blanford writing of the animal and comparing it with bajadem 
says—“ The animals also show a diffdrenco in colour, that of intimescens 
is uniformly, so far as I have seen, dark cinorous, while that of bajadera 
is t much lighter, but very variable, Tho latter shell is found mostly on 
shrubs, the former on the ground, and while intumescens has as yet only 
been found at Mahabloshwar 4,500 feet above the sea, bajadera (which 
is fare at Mahabloshwar) abounds on the equally or nearly equally high 
hills bf Singhur and Poorundhur, and along the’ summit of tho Western 
Ghats at about 2000 feet. 14 abounds at Khand/llla at the top of tho 
Bore Ghat.” 

Genus IIEMIPLECTA, Albers. 

l)ie Helicccn, p. 60, (1360). 

Founded on the shell alone; type humpfreysiana, Lea, from Singapur. 

“ Testa supra granulosa vcl decussatim striata ; subtus polita, anfrac- 
. ,$us ultimus plus minusve angulatus vel carinatus.” 

* Albers gives for the distribution of tho species of this group tho largo 
islands of the Malay Archipelago, Java and tho Philippines, New Ireland, 
&c.; only one species labiata (= monticola , Hutton) being from India, 
and thaj* not agreeing with the description, the last whorl being well 
rounded. The two characters given would embrace a vast number of species 
having a much wider geographical range, and 1 should bo inclined to restrict 
it tff the Malay region and not to include any of the Indian forms, until 
■other characters in common can be found after examination of the 
animals. 

To Albers’ list, Adams added, it is difficult to say why, several other 
species, among them ligulata, semirugata, and tranqucbarica, shells 
widely differing in their very globose form from the generic description. 
Semper does jiot follow Albers, but places many of the species under 
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Bhysota, on the character of the odontophore ; those I have marked with 

an asterisk. 


Albers refers the following species to Hemiplecta :— 

*bulla, Pfr. (Bbysota, Albers) 

Luzon. 

fnlvida, Pfr. 

Mindanao. 

biamensis, Mouss. * 

Java. 

lialata, Mouss. 

Java. 

rufa, Less. 

New Ireland. 

xantholricha, Pfr. 

Cuimares Is. and Negro* 

* set if/era, Sow. 

Lu 

*guminata, Sow. 

Luzon. 

tlicodori, Phil. 

rprgfli. 

bataviana, v. d. Busch. 

Tava. 

centralis, Mouss. 

Java. 

cuvieriana, Lea 

‘ 71 Luzon. 

novee-hiberniee, Quoy. 

New Ireland. 

humplirrysiana, Sea 

Singapur. 

—— var. gemina, v. d. Busch. 

Java. 

? labiata, Pfr. 

• 

Landour. 

semigranosa, Sow. 

Phillippines. 

panayensis, Brod. 

P«jnay,*lo. 

*scmiglobosa, Pfr. ‘ 

Samftr, do. 

Adams gives some'others, three of whicji are 

Indian 

blaii\villiana. Lea. 


conoidalis, Adams and Itecvo 

Mindoro. 

densa, Adams and Uoovo 

Philippines. 

f ligulata, Fdrus. 

Bengal. 

limaensis, Mouss. 


lurida, Gould 

Fcejeo t 

rubricate, Gould 

Fecjoq.* 

rufcscens, Gratel. 

Madagascar ? 

? semirugata, Beck. 

Bengal. 

stcursii, Sliuttl. 

^mboina. 

? tranqucbaricha-, Fabr. 

India. 

velutina, Sow. = xanthotrieba, Pfr. 

Philippines. 

Theobald has included a large number of Indian species in this *lub- 

genus, with forms so varied ho subdivided it into 5 sections ; he does not 

give the characters, but notes the typical species in each (vide Suppl. Index, 

Conch. Indica). 


Nevill in his Hand-List makes it much more 

circumscribed and admits 

distincta, Pfr. 

Saigon! 

neptunus, Pfr. 

c Cambodia. 



1880.] MSS. Drawings of Indian Land-mollusl's . 157 

*cymafinm t Bs. Penang. 

sglvicola , W. Blf. MSS. Naga Hills. 

basilcus, Bs. Annamullys. 

beddomci Blf. Trnvancore. 

basilessa, Bs. Annamullys. 

? undosa , W. Blf. Mandalay. 

chenui, Pfr. Ceylon. 

foxyles, Bs. Kliasi llills. 

t cyclopia,>\ Bs. Do. 

t castor , Theobald Do. 

t 5 tT "l<‘- , Theobald Do. 

• ? Theobald Darjiling. 

'robin, Bs Do. 


Genus OXYTES, Pfeiffer. 

ZcitH. 18*35, p. 188 [Without description.] 

1. Nanina oxytes , Bs. (type.) 

2. thy reus, Bs. 
is. a true Ariophanta. 

3. arus, Pfr. ? 

tin is t ml and it is difficult to understand on what grounds it is placed hero. 


- * 4. • pallasiana, Pfr. P < • 

llns sub-genus would be the same as Uemiplecta (Sec. D) of Theobald 
(1. c. p. 22) : who places therein :— 

basilessa, Bs. Thivaneoro. 

this should not be included. I do not recognize any resemblance even 
in form of the shell. 

blanfordi, Thoob. Darjiling. 

castor , Theob. Khasi. 

-var. a. cherraensis, W. Blf. Do. 

r 

- cyclopiax, Bs. Darjiling. 

oxytes, Bs. Khasi, 

polluxy Theob. Khasi. 


* Hemtplecta obobta, Bs., PI. XI, Figs. 1 and la. 

No locality given. 

* Helix (IIemielecta ?) liqulata, Fer., PI. XI, Fig. 3. 

No locality given. 

Vide Nevill’s Hand-List (1878), p. 50, No. 284, as Xesta ? his notes 
on the animal arc taken from this drawing. Madras ranging to Bhagulpur 
and Patna, (n. u. o.-a.) 

* Placed in Rhysota by Stoliczka, J. A. S. B. 1878, p. 11. 
t Bub-genus Oxytes, Pfr, (see further on) forms a very recognizable group. 
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Helix (Oxytes) oxytes, Benson, PI. XI, Fig. 2. 

“No projection above the gland which is rather small; sole broadly 
margined, and with a double line,” (w. t. b.) Nevill’s Hand-List (1878) 
p. 47, No. 261. 

I would call attention irf this drawing to the close contiguity of the 
base of the eyc-tentacles. 

Helix (Oxytes) pollux ?, Theobald, PI. XI, Fig. 4. 

“ Cherra Poonjee from God win-Austen” [Stoliezka], 

“ Animal of a pale light yellowish ochre. Head rather darker, eye 
pedicels long and rather thick at the base. Extremity of foot and under 
■ part of it very pale, shor^i, flat and rounded, the mucous gland *uu a very 
small lobe above it. 

“ I found this shell very abundant on the limestone in the forest below 
Nongkulang in the West Khasi Hills, and it ranges westward to the Garo 
Hills following the band of the Nummulitic rocks. * The very peculiar 
thick shape and drooping form of the tentacles is to be noted in the draw¬ 
ing, their bases adjacent as in H. oxytes .” (h. u. g.-a.) 

“ A small lobe above the mucous pore ; margins of mantle not produc¬ 
ed over the edge of the shell, sole of foot narrowly margined.” (w. t. b,).. 
Ncvill’s Hand-Lipt, p. 48, No. 264. 

. Explanation of the Plates. 


Plato X. ‘ 


" Fig. 1, la. 

Helix {Ariophauta) interrupta, Bs. 

Fig. 2. 

—— - ■ ■ laidlayana , Bs. 

Fig. 3. 

—— —-. lavipcs, Muller, vitr. tri/asciata. 

Fig. 4. 

-- ■■■■ intimcscens, ,\V. T. Blf. 


Plato XI. 

Fig. 1, la. 

Hemiphcta orobia , Benson. 

■ Fig. 2. 

Helix {Oxytes) oxytes , Benson. 

Fig. 8. 

Helix {Hemipleeta ?) ligulata , F6r. 

Kg. 4. 

Helix {Oxytes) pollux f, Theob. 
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XVI.— N’ew Species of Brackish-water Mollusks. 

By Geoffrey Nevill, C. M. Z . S. 

(Received November 1st;—Read December 1880.) 

Subfamily B Y Til IN IIN-TS, Troschcl [emend.]. 

Gobiss dor Sclmeekcu, T, 18o7, as Group “Bythiniue" ; omeud. Stiinpsou, lS(b>, 
and Clessin, Mak T Bliit. 1880, as subfamily of llio I. - soidie. 

Stexotiiyra woomiAHOWiAy.v, n. sp. 

T. parvt , " mperforata, ovato-acuta, solid a, crassa, pa Hide viridula, 
polita, aitula, (sub lente) obsolete submallcata; spirit aculeiformix , sub- 
concava, producta, apicc prraentissimo; anfr. G, hand convexi, ultimas 
per i tin.., d us, medio subangulatns, basi applamtus, a at ice ad aper/uram 
abrupte ct ralide dejlcclm; aperlura percontracta, perfccle rotundata, 
m<irg inibus continuis, valide incrassaiis. 

Long. 31, diam. vix 2 mill. 

IIail Port Cunning. 

This interesting form is easily recognized by the vefy acute and con- 
cavely-oxcavatcd spire, the subangulale last whorl, llattened round the 
umbilical region; it is not spirally pitied, as in most species of tho 
genus, but appears obsolctely malleated or indented undor a powerful lens. 

This is one of Mr. Wood-Mason’s interesting discoveries from tho 
still imperfectly explored brackish-water Sunderbunds (embouchure of tho 
rivers Hooghly, &e.). 

Type Indian Museum, Calcutta ; also in coll. Dohrn, Bcddomo, Theo¬ 
bald, Blanford, and Hungerford. 

StENOTIIYBA HUNG ERFOItDI ANA, ii. sp. 

T. pa^va, imperforata, ovalo-clongata , solidiuscula, viridula, vix nitida, 
(sub lente) lineis impress is ac dense pnncticulatis confer tint cingulala; spira 
paululum elongata, ovato-convcxa, apice obtuso, sutura profunda ac obsoleta 
marginata; anfr. 4>, convcxi, ultimus compressc ovuliformis, anlice sub- 
applanatus, valde dcsccndem ; apertura pcrpusilla, suboblique rotundato- 
ovata, supeme leviter angulata, sulco profundiori ab anfractu vcntrali 
separata, peristomate obtuso. 

Long. 2diam. 1-J mill. 

Hab. Andaman Islands. 

21 . 
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This is ono of the most distinct and interesting species of the genus 
as yet discovered: the few imperforate whorls, with markedly obtuse apex ; 
the distinct, though minute, close punctulation; the unusually convex 
whorls, with the remarkable long, compressed, slightly flattened, and egg- 
shaped last whorl are all good characters. The suture is very distinct and, 
on the last whorl, distinctly marginate below. The operculum is normal. 

Typo Indian Museum, Calcutta; also in coll. Dohrn, Warneford, 
Theobald, Blanford, and liungerford. 

Stunottjtb A blanfoudtana, n. sp.' 

T. minima , snperjicie •rimata , subvcnlricoso-cvao , < solidiuscula, 
nit iila , lac vis, pal l ide cornea, subpellucida ; spira subacuta, apice minuto, 

1 subobliiso; anfr. 4J-, condcxi, ul limits magnus, sulsolutns , tumide-vcntrico- 
sns, subbiangulatus , ant ice subapplanatus ; apertura mboiwh's, paululum 
posticc rctrorsa,peristomate continuo, superne aiigulat-ot* -Operculum ocale t 
snperne leoiter acuminatum , vix crassiusculum, subtranilucidum, spirale, 
apice subcentrali , interne testaceo-costatum. 

Long. 3-do, diam. 2 f ' 5 mill. . 

IIau. Chilka-lake (type); also Port Canning and Madras. 

I am indebted to Mr. Wood-Mason for a careful examination of th$ 
operculum of this small form : “ it is oval, subtransparent, spiral, of few “ 
whorls, with the apex almost central, on the inner side three ridges, one 
semicircular and two fehort ones with a slight S-eurvature, for the attach¬ 
ment of the animal.” 

l 

The species is somewhat variable, especially as regards size and th<£ 
greater or less distinctness,of the angulation of the last whorl.' Specimens 
from Port Canning agree better with the above-described typical form than 
do those from Madras. 

I have named this species in honour of its first discoverer, Mr. II.. 
Blanford. It appears to be abundant at Port Canning, Chilka Lake, and"/ 
Town of Madras; living with it there occurs another form, nearer 
St. minima , Sow. (but I think distinct), with more produced spire than . 
St. blanfordiana y less tumid last whorl, without any trace of biangulation, 
with tho aperture rounder, and not angled above; thero is yet another 
still smaller decollate form from Port Canning, probably also a distinct 
species. 

Typo Indian Museum, Calcutta j also in coll. Hungerford, Theobald, 
Beddome, Blanford, and Dohrn. 

Subfamily HYDROBIIN.dE, Troschel [emend.]. 

Gcbiss dor Schnecken, 1,1867, as Group “ Hydrobiae”; emend. Stimpson, 1865. • 
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Hydrobia (Belgrandia) miliacea, n. sp. 

T. minuta, vise rimata, conico-elongatula, soli da, parnm nitida, albido- 
viridula, leevigata; 8pirapaululuni produet.il, up ice minuto, acutiusculo ; 
a«/r. 5, convexiusculi, ultimis duobus rapide accrescent ibus, ultimo bast 
tubplanulato, a.I aperturam gibbositatc crrfssa circumscripto; apertura 
ovato-rotundata, incrassnla, peristoma continuum, valute incrassatum, 

margine externo arcuato, basi sinuato, margine columellari subangulatim 
conlorU, subrejlcxo. Operculum sat prof unde immersum, lenue, pelluci- 
dum, vitreum. 

Long, vix 2-2, diam. l-J mill. 

• Hab Fort Canning. 

Var. minor • long. 2, diam. 1-J mill. 

Hin. !' rt Canning. 

. .. °. 

Found in gr£afc abundance in brackish-water ponds, associated with 
Valvata (J) microscopica, Nev., new species of Bgthinia, Martesia, Teredo 
(/), Pharella, Thconx, Slcnolbyra blnnfordiam, &c. From the last-named, 
th§ remarkable callosity behind the outer lip, besides many other charac¬ 
ters above recorded, at once distinguishes it. 

• This interesting shell is the llrst extra European species described of 
Ike)*genius (?) Belgrandia, Bcurg. ' • 

' typo Indian Museum, Calcutta; also in' coll.' Beddomc, Theobald, 
Hiingcrford, Joly, l)oln*n, and <Blanford. 

Subfamily ASSIMINEINvE, [emend.]. 

Group Llthoglyplii, Troschcl, Geltiss dor Sclmer-ken, I, 1857 [pars]. 

Fam. Assiminidae, U. and A. Adams, Gunora Moll. 1858. 

Fam. Assiniineidae, Clcssin, 1880. 

Suction of sub-fam, X’omatiopsinac, Stoliczka, Gast. I, 18G8. 

I • ’ * 

Assiminea sinensis, n. sp. 

T. imperforata, ovato-conica, solidula, nitida, subglabra, eantaneo- 
fusca, linea impressa infra suturam subohsolete notnta; spirit producta, 
conica, apice subacuto ; anfr. 7J-, subpluniusculi, ultimus compressus, vix 
convexiusculus, Carina nulla munitus ; apertura parca, subverticalis, mar - 
ginibus callo subobsolete junctis, margine externo tenui, margine columel¬ 
lari arcuato, incrassato , saturate castanco-fusco, inferne subangulato. 

Long. 5, diam. 8 mill. 

Hab. Hongkong. 

1 am indebted for this, as for many other novelties, to Surgeon-Major 
R. Hungerford. 
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Typo Indian Museum, Calcutta; also in coll. Hungerford. 

Assimibea peaseana, II. Nevill, MSS. 

T. peranguste perforata, ovato-conica, not alii iter tenuis, glabra, nitida , 
vivide straminea, ad sutttram*fascia Uvula (plus minusve sulobsolcte) mar- 
ginnta; spira convexo-conica, producta, apice acuto ; anfr. 7, convcxiusculi, 
ultimus rotnndatns, infeme coneexus, circa perforationem httud carinatus ; 
peristoma perregulantcr rotundatum, ad bust in baud angulatum ; margo 
colunu llaris late dilaiatus, snbdaplex, castanco vivide tincius ; apertura 
subrotundata, marginibiis callo subobsolete castanco junctis. 

Long. 5J, diain. 31 mil. 

r 

IIah. Lake Ncgontbo, Ceylon. 

Named in manuscript by my brother, in honour of the late Harper 
Pease of Honolulu ; it is a very distinct species, easily distil) .niched fron 
Ass. subcoiiica. Ass. marginata, Ac., by its thin texture, peculi.u < operation, 
absence of any traco of sculpture, rounded margins of the aperture, Ac. 
Specimens of rather larger size than that of which the measurements are 
above recorded occasionally occur. 

Tjpc Indian Museum, Calcutta; also in coll. II. Nevill and H. 
Dohrn. 

« 

«* 

^.SSIMTNEA BTFASCIAT V, 11. Hp. 

• #. 

T. imperforata, ovliio-conica, solida, vix glabriuscnla, subnit idrr, sordute 
viridula, fasciis binis fuse is et subobsolrtis cincta ; spira moderate pro¬ 
ducta, convexo-conica, apice sntacutO ; anfr. GJ, convcxiusculi , ultimus 
tumide centricosus , ad peripheria/n subangulatus; apertura ampla,sub- 
vcriicalis, marginibus callo pervalido fusco-hmbalo junctis, margine coin- 
mdlarifere recto , valide incrassato, sordide fusco, inf erne subrot unda to. ' *• 

Long. 51, diam. 31 mill. • 

Had. Brackish-water lagoon, Port Natal. . *• T 

A common species, quite distinct from the three forms described by 
Krauss. t 

Type Indian Museum, Calcutta. 

ASSIMINEA DOnENIAKA, n. sp. 

T. parva, solidiuscnla, ocata, fusco-rirideseens, angusfe umbilicata, 
laevigata, sutura lineari, baud marginata; spira curta, apice perqbtuso ; 
anfr. 4>, rotumlato-convexi ac Inmidi, ultimus inflatus, subtus convexus, basi 
prope regionem umbilicalem subexcavate depressus ; apertura subverticalis, 
ovato-pyriform is, dimidiam totius longitudinis aequans, intus pallida 
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viridescens; margo coltmellaris superne valide intortus , reflexus, inconspicue 
fulvo tine (us , infeme vix rotundatus. 

Long. 3, diam. 2£ mill. 

Had. Hongkong. 

The short spire, with obtuse apex, the depression of the last whorl 
round the narrow umbilicus, the bent columella, and tho thick somewhat 
eroded texture, of a greenish colour unusual in the genus, are tho best 
characteristics of this small species, for which I am indebted to my friend 
Surgeon-Maior R. Ilungerford; I have named it after my esteemed 
correspondent Dr. Henry Dohrn of Stettin. 

Typo Indian Museum, Calcutta ; also in coll. Dohrn and Ilungerford. 

* Assiminea woodmasoxtana, «h. sp. 

T. imperforata (vel ad regionem umbilicalcm mintissime perforata ), 
marina pa • ao subobsoleta circumscripta, lanceolate, conica, solidiuscula , 
nitida, snbg’abru, dilecte castanca, prope suturam pollute rubido ft sc iota 
ac linca impre&sa marginata ; spira conico-clongata , anfractum ultimnm fere 
aequuns, up ice penninuto, acutissimo ; anfr. 7£, vix convex iusculi, regulariler 
crssccntcs , ullimus subcomprcssus, obscure subangulatus; apertura parva, 
subverticalis, ovata , marginibus callo tenni junctis, margins colimcllari 
pallide castaneo , paululum incrassaio , subrecto, inf erne subangulato. 

Lorfg. 4, diam. 2J- mill. -»■ * 

Hab. 1’ort Canning, near Calcutta. • 

I have named this pretty *and very distinct- species after my friend 
Mr. J. Wood-Mason, to whose very successful, researches in the Sunder- 
bunds the Museum is indebted for so many, interesting mollusks, as 1 have 
already pointed out in my Catalogue, Fasc. E. p. 22, when describing tho 
operculum of Larina burmajia. Tho small, almost obsoleto, keel round the 
very minute perforation (which is somotimes completely covered) is very 
characteristic. 

. - Mr. Wood-Mason has favoured me with tho following extract from 

his note-book on the animal of this species—“ Eyes large, intensely black, 
situated on the upper side and near the extremity of the peduncle ; animal 
transpareift, above very slightly greyish, between the tentacles reddish, 
which are so transparent that the eye-spots can be seen very nearly as well 
from the under side.” 

Type Indian Museum, Calcutta ; also in coll. Beddome, Hungerford, 
Blanford, Dohrn, Theobald, and Joly. 

* Assiminea beddomeana, n. sp. 

T. depresso - turbinata, quoad formam species generis Colionise quo- 
dammodo memorans, peculiariter obscure sed profunde umbilicata , de- 
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presso-conoidea, solida, crassiuscula, nitida, subglabra, ad basim (sub 
lente ) striis incrementi subobsoletis vnunita, saturatissime fulvo-livida, infra 
suturam albo fasciata, fascia prope apcrturam plus minusve evanescente ; 
sutura vix distincta, linea obscure impressa et subobsoleta notata; spira 
obtuse deprcsso-conoidea, apice minutissimo ; anfr. 6, nltimus subtus per- 
globose ventricosus, ad periphcriam obsolete sulsubangulatus, infra sub- 
planulatus, circa umbilicum callo lato pallide fusco et obscure albo-limbato 
munitus ; apertura ampla, subrotundata, intus incrassata, marginibus callo 
albido prope aperturam valido ac distincto (interdum subobsolelo) junctis ; 
columella pcmotabilitcr et valide incrassata, infcrne abrnpte reirorsa, 
triangulari-linguiformis, applanata ac excavate rugosa, superne in umbilicum 
abrupte desinens. Operculum tenue ac corneum; anfr. 3 (sub lente vix 
distinguendi) in umboncm subcentralcm ac prominentem desinentes. 

Alt. 3, diam. 8’- mill. 

Had. Port Canning. 

The most remarkable and abnormal species of the genus as yet de¬ 
scribed. The animal is that of a typical Assiminca, both the late Dr. 
Stoliczka and myself having examined numerous specimens. The Museum 
is indebted for its extensive series of this and the following species to 
Mr. Wood-Mason. 

Type Indium Museum, Calcutta; also in coll. Dohrn, Hungerford, 
Blanford, Theobald, Jojy^pd Beddome. 


AsSTMlNEic'/EHEOJlAtpiANA, n. sp. 

T. parva, anguste umbiUcata, ovato-Conica, solidiuscula, vix nitida, 
comco-fulvida, sub lente spiraliter minutissime confer Unique sulcata, 
striis incrementiplus minusve obsolete decussata ; spira conica, vix productf, 
apice Suto; anfr. 64, convexi, supremi sublaeves, caeteri infra sutdqant 
distincte angulati, superne sublaeves, inf erne spiraliter conferthAquc sulvdfi, 
oblique subgranulatim decussati, ultimus globose subrotundatus, in medio 
striis decussantibus plus minusve subobsoletis, prope umbilicum dis - 
tinctioribus , not at us ; apertura sat ampla, subverticalis, marginibus callo 
nitido junctis, margins columcllari supra lev iter contorto, infra rotundato. 

Long. 4*3, diam. 3 mill. 

Hab. Port Canning. 

In old specimens, the last two or three whorls have a pitted appear¬ 
ance, as in fnany species of Slenothgra; hi younger ones, the two antepenul¬ 
timate whorls have a beautiful granulose appearance under the lens. 
The oblique and decussating striae are always obsolete on the last whorl, 
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except near the umbilicus and iu the interstices of the spiral suleations; 
the narrow smooth ledge below the suture, on the last two or three whorls, 
formed by an abrupt cessation of the sculpture, is very peculiar and charac¬ 
teristic. I need scarcely say that I have named this remarkable specios uftor 
my friend Mr. William Theobald of the Geological Survey of India. 

Type Indian Museum, Calcutta; also in coll. Theobald, Huugerford, 
Beddomc, Blanford, Dohrn, and Joly. 

AsSIMINEA MICltOSCULPTA, n. sp. 

T. parva , via perforata, cglindrico-conica, solidiuseula, vix nitida, 
fulvo-cine^ea, spiral iter distincte sulcata, striis longiludinalibus obliquis 
avjlexuosis dccimata, apice acuto ; anfr. 51, grtrfato-cylindrici, sup re mi 
laeves, 2dus spiraliter sulcal its, Stuis ct Atus insigne equaliterquc decussati 
(quasi gemmulati), ullimus subbianyulatus, supra peripheriam angu- 
lutus, striis Jecussantibus paululum subobsoletis notutus, scnlplura infra 
evancsccnie; apertura subverlicalis, parva, marginibus callo indistincto 
junctis, margine columcllari hand coniorto, Icviier rotundato. 

Long. 2 ! l, diam. 1? mill. 

Hah. Port Canning. 

Typo Indian Museum, Calcutta; also in coll. Dohrn, Joly, Ilungcr- 
ford, Theobald, Blanford,and Bcddomo. V- ® 

It presents some resemblance to tho preceding species in the sculpture, 

. which in Ass. microsculpta, hifwever, is much more strongly developed, 
the difference in young specimens being especially marked, 'jlie shapo 
is quite different, the whorls being' cylindrieally-gradated, iustcad of con- 
vexly-svvollen, &c. 

AsSIMINEA nUNGEttFORDIANA, n. SO. 

t imperforata, ovato-conica, solida, nitida, glabra, polita,omnmo laetc 
■• ■eo&kyuea, sutura subinJislincta; spira brevis, apice vix acuto ; anfr. 6, 
subtumide convexiuseuli, ultimus Magnus, regular iter ovuliformis, infra 
• vuturam line a impressa subobsolete notatus; apertura verticalis, margini¬ 
bus callo *castaneo junctis, margine externo tenui, margine columcllari 
incrassato, recto, paululum retrorso, ad basim subabrupte angulato. 

Long. 4, diam. 2* mill. 

Hab. Mouth of the Rangoon River. 

I have much pleasure in naming this beautiful and very distinct spe¬ 
cies after its discoverer, Surgeon-Major R. Hungerford, who has lately been 
most successful in collecting and dredging Mollusca both at Hongkong 
and the Philippine Islands. The rich chocolate, or chesnut, colour of the 
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species is very characteristic; there is a slight tendency on the upper 
portions of the whorls to he of a darker and duller shade ; the indistinct 
suture, short but produced spire, large and regularly egg-shaped last whorl, 
straight and slightly twisted columella, forming an angle at its base, are all 
well-marked characters. Ujjder a very powerful lens, striae of growth 
are discernible, which become more developed behind the outer lip. 

Type Indian Museum, Calcutta; also in coll. Hungerford. 

Assiminea tempIiEAna, n. sp. 

T. imperforata, ovato-conica , persolida , crassa, nitida, laevis, fusco- 
comea, sutura distinct a, hand marginata ; spira conica breviter produefa, 
apicc acuto; anfr. 51, convexiusculi, rapide crescentes, ultimus magnus, 
tumide vcntricosus, ad peripheriam suhangulatus, hasi subapplanatus ; aper- 
tura sat inagna, tnarginibus callo acuto valido et albo junctis, margine 
externo regulnriter convex o-rotunda to, columellari subrotundato, dupliee 
ac valide rejlcxo, regionem umbilicalcm tegentc , supra distincte transver- 
simque unisulcato. 

Long. diam. 2| mill. 

Ham. Nicobar Islands. 

I have namqd this interesting small species after Lieutenant R, C. 
Temple, who has prcs*cnted‘Jho Museum with many valuable shells from 
the Andamans, Ferozeporc,’and other place^. It is eminently characteriz¬ 
ed by 4ho remarkable '^airously-reflected, duplex' columella, transversely 
notched or sulcated above.'”' ‘ 



1880.] 


Louis Scltwendlei '—On the Employment of, Sfc. 


107 


XVII.— On some Experiments instituted to supply all the Lines termi¬ 
nating at the Calcutta Telegraph Office with Currents tappet 
from, the Main-Oar rent produced by a Dymmo-electric Machine.* 
— By Louls Sciiwexdlisii, M. Inst. C. ft. 


Introduction. —On the 5th November 1879, I hadT.he honour to road 
a short paper before this Society entitled,f “ On a simple Method of 
using an insigniGcanb Fraction of the Main-Current produced by a 
Dynamo-Electric Machine for Telegraphic Purposes.” 

In the present paper, 1 wish to record some more experiments on the 
same subject. As stated in my former paper, the dynamo-electric machine, 
during this first experiment, was placed at t he store-yard, and was driven 
by the steam engine of that place. The telegraph current was conveyed 
to the Calcutta Telegraph Ollice by the store-yard line, which is about 
4 miles in length. This first trial proved so successful that t ventured to 
propose a larger trial to supply all the lines entering the Calcutta Telegraph 
OIRee with signalling currents derived in this manner. Hut I could not 
then execute the new trial, as in the first place there were no proper driving 
arrangements at the store-yard (the erection of these would have cost 
money), dml in the second place the dyuamo-elcctriomuclmie at my disposal 
had, by an accident, been temporarily spoile^ -JUj was thought advisable, 
therefore, to postpone the suggested trial qij % scale until the electric 

light arrangements at IlowraliJ should he Com pie tod, when an easy oppor¬ 
tunity would offer itself for trying different dynamo-electric machines for 
the purpose. Besides, telegraph lines being already up between the Howrah 
Kaihvay Station and the Calcutta Telegraph Ofliee, no additional expense 
would need to be incurred. 

HeAO trial on a htrycr scale. —The preliminary trial was instib^ed on 
the 28th August, the final one on Sunday the 29th August 1880. 

In the accompanying diagram, M is the dynamo-electric machine 
which produces the main current to be made use of for any required 
purpose; tTie negative pole of the dynamo-electric machine is connected 


* Tho ro3ults givon in this paper are taken from my report submitted to tho 
Director General of Telegraphs in India on the 7th September 1880. 

f J. A. S. B., Vol. xlix, part ii, 1880, and Phil. Mag. No. 52. Suppl., Decem¬ 
ber 1879. 

+ Mr. Bradford Leslie, Agent of tho EaRt Indian Railway Company, gave mo 
permission to use tho electric light arrangements at Howrah for tho purpose. He 
also kindly permitted the use of the telegraph line connecting liis office at Calcutta 
with the Railway Station at Howrah. Thin line was required to givo orders during 
the experiment. • 
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permanently to earth. The earth consists of 3 copper plates* joined 
parallel and offering a parallel resistance of JL'67 ohms.f 

T is a tangent galvanometer for measuring the main current. In this 
case it was the tangent galvanometer employed in my electric light 
experiments in Loudon in 1878. The resistance of the copper ring of this 
instrument is nil. Taking tlic late Mr. Brough’s value for H, the hori¬ 
zontal component «of the Barth’s magnetic intensity at Calcutta to be 
H = 0 37158 dynes, the formula for calculating the currents c from the 
deflections observed by this tangent galvanometer, is:— 

c = 47330 tang a (milli-oersted). 

r is a coil of iron wire (No. 21 i. w. g., 0‘2 L" diameter) offering a 
resistance of 1-517 ohnjs at 85° F. The wire is coiled on a large wooden 
drum and serves as the constant resistance by which from time to time 
the efficiency of the dynamo-electrio machines at Howrah can be gauged. 




Calcutta/^TeZL' 

Offic*. 

J represents an electric light, in this case prdd^ced by a lai-ge Serrin- 
lamp. 

In the following experiments, cither r or J was used as the external 
resistance for closing tho poles of the dynamo-electric machine'to produce 
the main current; but never the two joined parallel. 

Jj is the telegraph line from the dynamo-electric machine to the 
Calcutta Telegraph Office. This line is 1-75 miles in length and consists, 
from the electric light room to the Howrah Railway Station, of Hooper’s 
india-rubber cable cose, from the Howrah Station to the Kirk, of No. *6 

* The threo single earths measured gave : 7*7, 3T, and 6-9 B. JL U. 
t The dimensions are V x 2* and 


WBleetrijC^Liffhb^ 

room* 
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i. w. g., and thence to the Calcutta Telegraph Office it is American com¬ 
pound wire of the same resistance as iron wire of No. 27 i. w. g. 

At the Calcutta Telegraph Office, the battery to ire* could at a moment's 
notice be connected with the key of each instrument, after throwing off the 
copper of the signalling battery in ordinary use. The telegraph lines 
terminating at the Calcutta Office were therefore all connected parallel to 
the battery wire, as is indicated in the foregoing diagram. 

In order to enable me to directly compare the signalling current sent 
into the lines by batteries and by a dynamo-electric machine, each lino 
is as tested for sent current at Calcutta, and for received current at the 
out-station, 

* Preliminary trial on 28 th August 1880.—J^he line used for tapping 
the signalling current was No. 5, Calcutta to Allahabad, 577 miles in length, 
worked direct and having a real conduction resistance of about 3075 ohms, 
(taken from the August 1880 tests). The resistance of the relay at 
Allahabad equals 492 ohms. 

1st Experiment. —This consisted in taking the sent current at Cal¬ 
cutta and the received current at Allahabad as produced by a battery of 
(JO minotti-cells connected up in series. This is the usual signalling bat¬ 
tery during the monsoon. 

• 2nd . Experiment !—The main current in this experiment was produced 
by dynamo-electric machine Af through the resistance r. The resistance 
in circuit was not measured, hut may be taken to be* as follows : — 

,»iji = 0052 internal. 


r =± 1-517 ohms at 85° F. 


Loading wire to tangent galv,i, l '= 0020 


Total, 

-• .. 


2‘195 ohms. 


) = 1-513 
) external. 


max. ^39 


' * - . , „ .. - max. ^30 

■ The mam current gave a mean deflection or 37 9 ; — ; — = ; 

P nun. oG‘2 

a * 

mean speed of engine GQ-3 revolutions per minute; —^ = r . The 

variation of the current corresponds with the variation of the speed. 

3rd Experiment .—The main current in this experiment was produced 
by dynamo-electric machine E.% through the resistance r. This expori- 


* The Telegraph lino convoying the current produced by the dynamo-electric 
machine to tho Telegraph Office may bo called most appropriately the buttery wire. 

t This is a Siemens’ dynamo-electric maehino called medium size (sec my precis 
of report on tho electric light experiments in London). 

X This is a Siemens’ medium machine altored according to my specification 
(See precis of report on the electric light experiments in London). 
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inent was made in order to see whether A or E machine would suit the 
circumstances best. 

The resistance in circuit was not measured, hut may be taken to be 
the same as given for A. The main current gave a mean deflection of 


30 0° 


max. 

min. 


337 
27 0 5 


mean® speed of engine = 59 9 revolutions per 


. , max. 

minute: —— 
min. 

of the speed. 


GO 

51’ 


The results of the 


The variation of the current corresponds with that 


preliminary trial are given in the following table :— 


No. of 
Experiment. 

Mode of pro¬ 
ducing tho 
current. 

Speed bf engine 
per minute. 

Mean speed 
per minute 
of dynuino- 
electrio 
machine. 

Mean of. 
main cur¬ 
rent in 
mill i- 
oersteda. 

Current in milli- 
oersleds. 

Mean. 

Max. 

Min. 

m 

Sent at. 
Calcutta. 

Received 

at 

Vllaliabad 

1 

60 Minotti 

• •• 

• • • 1 

... 

9'8 

: 

9’8 

6-1 

2 

T>yn el. 
machine A. 

603'* 

■ 

n 

783 

; 

3(5,8 IG 

1 

lffi 

7-7 

3 

I)vn. ol. 
inachino E. 

w 

r 

69 9 8 ' 

i 

„ GG l 
f 

1 ' 

* 1 

’’I 27,991 

1 ! 

9-1 

■' G6 


The three experiments, were made‘iff the order given. Nog. 2 and 3 
were made from 11 to 11'll hour I, during’'which thne messages' were '' 
sent. The insulation of the battery wire L was variable from 71,000 
to 95,000 ohms absolute. : . . 

]0om Experiments 2 and 3, it will be seen that A machine prochteos .a 
larger main current than E, which is duo to the higher speed ,6i it; further,' 
that the sent cunrnl lapped from the main current of A is larger than the - 
sent current tapped from that of E, just as it ought to be. In fact, if the ' 
line during the tw’O experirnenta had kept constant, and if alsof r had kept 
constant (r increases considefably by. ’heating), the proportion of the tw r o 
main currents w r ould have been" the segno as that of the tu r o sent currents, ’' 
and this is very nearly the case. - ! No. 3 Experiment with E machine gives 
about the same result as No. 1 Experiment with battery. . To produce the 

* The small numbers in the form of exponents mean tho number of observations 
made. 

+ Vr main currents 1'32. 

E 


^ sent currents 1'65. 
E 
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main current by A is therefore more advantageous than to produce it 
by E. Hence I employed A in the final trial. 

The final trial on Sunday 29 /h August 1880.—The battery wiro, boforo 
the trial began, was tested for insulation, and gave an absolute insulation 
greater than 1 £1 ohm. The main current, as already mentioned, was 
produced by dynamo-electric machine A; i. e., from S15 to 115 hours 
through the wiro coil of resistance r, and from 115 to 11-92 hours 
through the arc of an electric lamp producing the light J. The light of 
the lamp was not measured, hut may have boon equal to about 0,000 
standard candles.* The first lino was connected to the battery wire at 
8'45 hours; the last line at 10 53 hours. The whole trial was completed 
at 1132 hours. # 

The change from r to lamp (J) was made in so short a time that none 
of the out-stations noticed it. Messages were sent and received in the 
usual regular style. 

Mr. C. D. V. Gordon, the Superintendent of the Bengal Division, 
attended at the Signal Ollico. 

' ; At the beginning of the experiments, the resistances in circuit wero 
pleasured. 


Internal resistance of dynamo-electric ) „ . , , 

.... “ > in = 0 052 internal 




• machine A 

Wire coil 
Lead! 


J 


external 


•M 

o 

■jO 


rf 

n 

a 


r = 1-5171 

leading wiro to tangent A j _ t)'D20 ( l'513 ei 
galvanometer \ ; -) ' 

After the experiments Vera ■o'Ver, these, resistances wero not measured 
again; .however, on account'of the vejry considerable heating by the strong 
main current, they must, we know, all .have increased considerably. 

’ "When r closed the pXles of the dynamo-electric machine (815 to 

115 hours) -the mean speed of the engine was C0 1:J revoluimns per 

• max 61' ^ 

• minuto -■ •«= — ; wlrild the mean deflection of the main-current was 

min. 50' 

>* . ^ ^ 

. " laX - _ W 25 ' 

,J7S ' ’ Ain. “ 85D<-.. .. u -, t ^. .. 

When the lamp was in-circuit .(from 11/5 to 1132 hours), the mean 

speed of the engine was again GO 1 ?-; 

. . max. 46 2 

tion of the mam-currcnt was 41 l7 , — = 7777 . 

min. 42 1 

In the following table all the results are given 


= —; while the mean dellec- 
imn. 59 


• When measured under 46° with the horizon. 
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Table shewing the Sent and Received Currents and other particulars. 


1 

t 

2 

3 

D 

6 

6 

7 

8 

ts 


K.S I 

1 >• 0 
<s O 

€ 




C3 

e 

•g 

i 

Number 
and name 

d ® | 

y«« 

M IS 

tM CO 

© bo . 

Currents in milli- 
ocrsteds. 

Mode of pro* 


B* 

of lino and 

'H <D 

s.a * 



ducing the 

Remarks. 

w 

o 

£ 

length in 
miles. 

A n J 

•a-8 li 

i 

S.5 eS 

S S . 
,a 8* 

8 M d 

Sent at 
Calcutta. 

Received 
at out- 
station. 

currents. 





• 

6-18 


100 colls 


I 



900 

9-81 

760 

Dyn.-el. m. A 

The several lines 





689 

4'40 

100 cells 

were connected to 
the battery wire 


No. 4 




3-60 

60 cells 

in the order given 

II 

Jubbulpore 

0,790 

406 


4-71 

Dyn.-el. in. A 

in this table. The 


803 


Ba 

3-50 

60 cells 

hist line, J ubbul- 
poro No. 1, Was 
connected at 8'4$ 



No. 5 



9-81 

mm 

60 cells 

III 

Allahabad 

3,070 

492 

13-79 

8-57 

Dyn.-el. m. A 

hours; the fast 
line No. 3, Agra, 


077 


9 41 

008 

60 cells 


at 10-63 hours. 
Before the actual 




■H 

7-14 


20 cells 

IV 


2,000 


2160 

11*40 

Dyn.,-el. m. A 

expcriificnts bo- 


mm 


m 

663 

4-23 

20 cells - 

gan, *. before 

8-40 ..hours, all 
the lines -woro 


No. 7 



HI 

3-irf ; 

■ 30 cells 

V 

Cuttack 

2,800 

903 



Dyn.-el. in. A 

tested for sent 


400 

• - 

663 

• ;3-38- 

iV'- 3 g cells 

currents at Cal¬ 
cutta, and received 
currents at the out- 



No. 8 



4 00 j 

■ 3-60 

119 cells 

VI 

Coconada 

7,000 

3,711 

8-16- 


Dyn.-el. m. A 

stations, when tho 


8u0 

400 

2-01 

.119 cells 

! ■ usual signalling 
battery was on- 
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1880.] Dynamo-electric Currents in Telegraphy. 

After the dynamo-current was stopped at 11*32 hours, and the bat¬ 
teries had been connected up again, the sent currents at Calcutta and 
the received curi'ents at outstations were again ascertained Hence columns 
5 and G contain 3 readings of sent and received currents for each line; 
first, with battery, secondly, with the dymuno-olectric machine, and, thirdly, 
with the battery again All the readings of the currents tapped from the 
main current of the dynamo-electric machine were taken between 8*45 
and 10*(33 hours, when the iron wire coil of resistance r was connected to 
the poles of the dynamo-electric machine. From 11'5 to ll'32 hours, 
when the lamp was substituted for r, no current readings at Calcutta and 
the outstations were taken. 

• The main current of the dynamo-electric jnachine, when r was in 
circuit, was 30,801 m. d; when the lamp was in circuit, i<o,70(> m. d. # 
From this it does not follow, however, that the tapped currents in the 
second case were larger than in the first, because it would also depend on 
the resistance offered by the arc, which is not known. The resistance of 
the arc, as more current was produced with the same speed of the d\ muno- 

*l«ctric machine, must naturally have been smaller than r = l 517 b. a u. 

* 0 

(iron wire coil), especially as there is an e. m. f. in the arc opposite 
, to the 0- in. f. of the dynamo-electric machine. 

• To produce 30,801 milli-ocrsteds through an external resistance of 
about 1513 b. a. u., a' total energy is consumed *by the dynamo-electric 
machine of about 27,000 Q-tyrgs per second (representing about 3 h. p. 
per second). * ■ ■ • 

Conclusions. —These”ij&j>briin'cnts shew that .it is perfectly possible 
and practicable to tap from the main current produced by a dynamo-elec¬ 
tric machine' all the signalling currents required at the Calcutta Telegraph 
Office. Thesg currents were.for the 11 lines connected up = 129\L m. 6, 
if‘all keys were simultaneously and permanently sending. This represents 
\>nly 0 35 ,of the m^ji' current (36,80L m. 6) with r in cin&it, and 
*28 % of current, (45,706 m. o) with lamp in circuit. Further 

it will be clea? that such-A.small variation of the main-current could not 
influence tfic regularity of any work done by that main-current 

Further, it will be seen thajfitf hll'the experiments the sent currents 
tapped from the main currentVd; the <t dynamo-electric machine were 
•considerably larger than when produced by the largo batteries at present 
in use. Experiments IX and X only form an exception. However, 
I think these exceptions are in both cases due to errors of observation, be¬ 
cause the battery readings in Experiment IX do not all agree. Tho 
dynamo-current readings in No. X must be wrong, because in No. XI, 
for a total circ'uit resistance of 7759 units, the sent current is 13 38 m. d, 
# Calcutta by the formula: e = 47330 to (in. 0"). 
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while in No. X, for a total circuit resistance of 65 29, the sent current is 
only 7*14. The error of observation is therefore obvious. 

That with such strong received currents as are produced when the 
dynamo-electric machine is used, the lines should work well, is not to be 
wondered at. But it was also confirmed by the outstations having to 
adjust their relays much more unsonsitively. 

Supposing now that we had useful work day and night for the strong 
main current, and that on the whole the new method could be always 
depended upon, I believe those experiments have proved that the signal¬ 
ling currents required in telegraph stations could bo had for nothing, and 
that the method would be quite practicable. 

The useful work for JLho main current at night would most conveniently 
take the shape of an electric light to illuminate very efficiently the. Signal 
Office. The electric light, besides being more powerful, would possess the 
additional advantage of being produced by at least 50 times less heat 
than if the same light were obtained by combnstion. This is no doubt a 
great advantage in a hot climate. During the daytime, I would use the main 
current for pulling punkhas, lifting messages, or, more generally, for work- . 
ing a pneumatic system of sending and receiving messages, <fce., &c. ,I£ . 
Calcutta had the good fortune to possess a colder climate, it might be^ 
suggested that tly} heat developed in the coil of wire should be .used *for 
warming rooms. It Would then only he necessary to lead’the wire along - 
the walls, in a manner'similar to that in .which hot water pipes often aro 
for heating rooms; the electric method being only far more economical. 
The heat given tip by the wire, after dynamic equilibrium of the system has 
been established, is quite regular, and the method is obviously exceedingly 
clean and very convenient for .domestic purposes. The wire attained 
its constant temperature of 93° C. after the current had acted for about 
half an hour, the air of the room having a temperature of 30° 0. 

The heat given out by tlio wire is by no means small. /For instance/ 
in our case, the average current working through a resistance** — 1‘54$. 
b. a. u was 30801 milli-oerstcds. This represents work djpne,at a rate 
of 20173 Si ergs per second, and supposing the wire has obtained its 
constant temperature, this whole energy is developed into heat emitted by. 

20473 ! '*w r i - • ■ 

the wire into space at a rale of * ■■■*■ ■■ = 4-S8 gramme-degree-centigrade 

per second. This is equal to the heat produced py an ordinary German 
stove consuming Olbs of coals per hour; supposing that the loss of heat 
when coals aro burnt under a steam-boiler is four times as great as when they 
are burnt in a German stove. It appears, therefore, that the heat developed 
by the wire would be sufficient to keep a moderately sized and ordinarily 
ventilated room at a comfortable temperature even when,situated in the 
highest latitudes. 
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XVIII.— On the Lepidopterom Genus iEtnona, with the Description 
of a new Species. — By J. Wood-Mason. 

(With Part of Plate VI). 

• 

Several years ago, three plain palc-fulvous butterflies of moderate size 
were forwarded to the Indian Museum by Mr. S. E. Peal of Sibsagar, 
Assam. All three are of the male sex, and they agree so remarkably 
closely in size and colour as to have been taken for specimens of one and 
the same species. On examination, however, I find that, though super¬ 
ficially so similar to one another, they diller in structure and represent two 
distinct but closely-allied species, one of them being a malo (hitherto 
undcscribed) of Winona Amathusia , and tho other two, males of an 
undescribed form belonging to tho same genus. For the benefit of 
naturalists in India to whom the costly works in which they occur are 
inaccessible, I have extracted the original descriptions of the two described 
species. 

’ - .The genus JEmona was established by W. C. Hewitson in 1868 
for tho reception of an insect from Northern India which lie had pre- 
•ftnously described under the name of Chrome Amathusia. Hewitson appears 
to have had some misgivings as to the propriety of this step, but, as will 
be seen from the following amended diagnosis, the genus is at luast 
as distinct from Clerome as this from Thaumantis, or as Zeuxidia from 
Amathusia. ' • 

Genus jEmona, Hewitson. 

Head small. Antennw rather short. Anterior winy acutely poinlod 
and produced, or sharply angulatcd, at the apex ; its inner margin straight 
in both sexes, pot being lobed at the base in the male as it is in Clerome 
and less distinctly in Thaumantis; the costal vein reaching to the end 
of tho fifth *Wenth of the length of the anterior margin; the subcostal 
4 -branohed, 4fee *first branch given off just before tho end of the cell, 
and, after riffming free for nearly the same distance beyond that point 
as' it Originates before it, completely coalescing with the costal, but again 
becoming free just before this last-named veiu turns off to tho anterior 
margin, the three remaining branches free. Posterior wing more elongated 
than, and' not quite so rounded as, in Clerome; without the pencil of 
erectile set® which, in the males of Clerome and Thaumantis, arises from 
the wing-membrane of the discoidal cell close to the subcostal vein and lies 
obliquely across a patch of elevated and crowded scales on tho other side 
of this vein, the male scent-fans, if such are really present in this genus, 
being situated iif a different part of the wing, viz., in the anal region, 
23 
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where a line of sets running along the anterior side of the submedian vein 
ends in a curled whisp which, when at rest, lies in a slight groove or fold ’ 
of the wing-membrane. 

Plain and delicate butterflies of a pale fulvous colour inconspicuously 
or obsolete^ ocellated on the underside. 

In the form of tfie hind-wings and in the position of the male scent- 
fans JEhnona agrees with Xanthotania , and in its pointed fore-wings with 
Zeuxidia, JEnispe, and Discophora, but it differs from these and from all the 
other Indian genera of Morphinw in the relations of the costal and subcostal 
veins to one another, and in other respects. 

(a.) Fore-wing produced and pointed at apex with its outer margin concave-sinuous. 

1. -iEmo^a Amathusia. PI. VI, Figs. 8, 4, $. 

Clerome Amathusia, Howitson, Trans. Entom. Soc. Lond. ser. 8 , vol. iv, 1867, 
p. 566, 

Mrnona Amathusia, Id., Exot. Butt. vol. iv, 1868, Zeux. ot Mm. pi. i, fig. 3—4, 9 . 

?. “ Upperside rufous-brown, the bands of the underside seen 
through. Anterior wing crossed beyond the middle by a band of orange- 
yellow : the apex dark brown. Posterior tving with some arcuate spots 
near the apex. 

“ Underside rufous, tinted with darker colour. Both wings crossed . 
at the middle by a common rufous-brown band: both with "a band of 
minute rufous ocelli some of which are pupilled with white : both with a 
submarginal band rufous. Anterior winp with a pale rufous band near the 
base and a spot of the same colour at the end of the cell. Posterior wing 
with a dark rufous band near the base. 

“ Expanse 3^ inches 

“ Hab. Northern India.’* 

The female is only known to me from Hewitson’s description and 
figures. 

& . Lighter-coloured than the female. Upperside pale fulvous, £he 
strigffi or bands of the underside showing through. Anterior wing darker 
at the base and at the tip, between which darker parts the colour is very 
pale yellowish-fulvous. Posterior wing of the same shade a# the base of 
the anterior one to within a short distance of the margin, whence it is 
paler, and with an indistinct submarginal series of arcuate marks extending 
from the apical to the anal angle. Underside uniform pale fulvous; the 
strigaa as in the femalo ; the ocelli .(one, the second and largest, perfect, the 
remaining five rudimentary) of posterior wing also as in the female, 
but in the anterior wing only the one between the first and second median 
veinlet and faint traces of that between^|jbe first median veinlet and 
the subqpedian vein are present; the thin submarginal brown line more 
obviously engrailed than iu the female. • 






